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PREFACE. 

The present volnme consists of essays which I have 
contributed to various periodicals, or read before scien- 
tific societies during the last fifteen years, with others 
now printed for the first time. The two first of the 
i are printed without alteration, because, having 
jd me the reputation of being an independent 
originator of the theory of " natural selection," they 
may be considered to have some historical value. I 
have added to them one or two very short explanatory 
notes, and have given headings to subjects, to make 
them uniform with the rest of the book. The other 
essays have been carefully corrected, often consider- 
ably enlarged, and in some cases almost rewritten, so 
as to express more fully and more clearly the views 
which I hold at the present time ; and as most of 
them originally appeared in publications which have 
a very limited circulation, I believe that the larger 
. portion of this volume will be new to many of mj 
friends and to most of my readers. 

I now wish to say a few words on the reasons which 
have led me to publish this work. The second essay, 
especially when taken in comiection with the first, 
contains an outline sketch of the theory of the origin 
of species (hy means of what was afterwards termed 
by Mr. Darwin— "natural selection,") as conceived 
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by me before I bad the least notion of tbe scope and 
nature of Mr. Darwin's labours. They were published 
in a way not likely to attract the attention of any but 
working naturalists, and I feel sure that many who 
have heard of thorn, have never had the opportunity 
of ascertaining how much or how little thoy really con- 
tain. It therefore happens, that, while some writers 
give me more credit than I deserve, others may very 
naturally class me with Dr. Wells and Mr. Patrick 
Matthew, who, as Mr. Darwin has shown in the his- 
torical sketch given in the 4th and 5th Editions of 
the " Origin of Species," certainly propounded the 
fundamental principle of "natural selection" before 
himself, but who made no further use of that principle, 
and failed to see its wide and immensely important 



The present work will, I venture to think, prove, 
that I both saw at the time the value and scope ot 
the law which I had discovered, and have since been 
able to apply it to some purpose in a few original 
lines of investigation. But here my claims cease. 
I have felt all my life, and I still feel, the most 
sincere satisfaction that Mr. Darwin had been at 
work long before me, and that it was not left for me 
to attempt to write "The Origin of Species." I have 
long since measured my own strength, and know well 
that it would be quite unequal to that task. Far 
abler men than myself may confess, that they have 
not that untiring patience in accumnlating, and that 
wonderful skill in using, large masses of facts of the 
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moat varied kind, — that wide and accurate physio- 
logical knowledge, — that aeuteness in devising and 
skill in carrying out experiments, — and that admirable 
style of composition, at once clear, persuasive and 
judicial, — qualities, which in their harmonious combi- 
nation mark out Mr. Darwin as the man, perhaps of 
all men now living, best fitted for the great work he 
has undertaken and accomplished. 

My own more limited powers have, it is true, enabled 
me now and then to seize on some conspicuous group 
of unappropriated facts, and to search out some gene- 
ralization which might bring them under the reign 
of known law ; but they are not suited to that more 
scientific and more laborious process of elaborate in- 
duction, which in Mr. Darwin's hands has led to such 
brilliant results. 

Another reason which has led me to publish this 
volume at the present time is, that there are some im- 
portant points on which I diiFer from Mr. Darwin, and 
I wish to put my opinions on record in an easily 
accessible form, before the publication of his new 
work, (already announced,) in which I believe most 
of these disputed questions will be fully discussed. 

I will now give the date and mode of publication of 
each of the essays in this volume, as well as the amount 
of alteration they have undergone. 

I. — On the Law which has Eeguiated the Iktbo- 
DUCTiON OF New Species. 
First publiBhcd in the "Annals and Magazine of 
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Natural History," September, 1855. Eeprmted witli- 
out alteration of the text. 

II, — On the Tbmdency of Varieties to Depaet 

INDEFINITELY FROM THE OrIOINAL TyPE, 

First published in the " Jonmal of the Proceedings 
of the Linnsan Society," August, 1858. Keprinted 
without alteration of the text, except one or two 
grammatical emendations. 

III. — MmiCRY AND OTHER PbOTECPIVB RESEMBLANCES 

AMosG Animals. 
First published in the " "Westminster Eeyiow," July, 
1S67, Ecprinted with a few corrections and some 
important adfiitions, among ivhieh I may especially 
mention BIr. JeJiner Weir's observations ^nd experi- 
ments on the colours of tlie caterpillars eaten or 
rejected by birds. 

IV. — The Malayan Papilionid^, or Swallow- 
Tailed Butterflies, as iLLCSTRAXiva or the 
Theokt ow Natuhal Selection. 

First published in the " Transactions of the Lin- 
nsean Society," Vol. XXV. (read March, 1864), under 
the title, *'0n the Phenomena of Variation and Greo- 
graphical Distribution, as illustrated by the Papilionidte 
of the Malayan Region." 

The introductory part of this essay is now reprinted, 
omitting tables, references to plates, &c., with some ad- 
ditions, and several corrections. Owing to the publi- 
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cation of Dr. Folder's " Voyage of tlie Novara" (Lepi- 
dojitera) in the interval between the reading of my 
paper and its pnblication, several of my new species 
must have their names changed for those given to 
them by Dr. I"clder, and this will explain the want of 
agreement in some cases between the names used 
in this volume and those of the original paper. 

V. — Os Instinct is Mak akd Animals. 
Not previously published. 

VL — The Philosophy of Birds' Nests. 
First published in the " Intellectual Observer," July, 
1867, Reprinted with considerable emendations and 
additions. 

VII, — A Theory of Eieds' Nests ; 
Showing the belation of certain dipfehences of 
coloub in blitds to their mode op nidification. 

First published in the " Journal of Travel and Na- 
tural History" (No. 2), 1868. Now reprinted with 
considerable emendations and additions, by wliich I 
have endeavoured more clearly to express, and more 
fully to illustrate, my meaning in those parts which 
have been misunderstood by my critics. 

VIII. — Creation by Law, 
First published in the ' ' Quarterly Jonrnal of 
Science," October, 1867. Now reprinted with a few 
alterations and additions. 
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IX. — The DrvELOPMENT of Human Eaces ubdes 
THE Law of Natural Selection. 

First published in the " Anthropological Review," 
May, 1864. Now reprinted with a few important alter- 
ations and additions, I had intended to have consider- 
ably extended this essay, but on attempting it I found 
that I should probably weaken the eifect without add- 
ing much to the argument. I have therefore preferred 
to leave it as it was first written, with the exception 
of a few ill-considered passages which never fully ex- 
pressed my meaning. As it now stands, 1 believe it 
contains the ennnciatiou of an important truth. 

X.— The Limits of Natural Sbleotion as applied 
TO Mas. 

This is the further development of a few sentences 
at the end of an article on " Geological Time and t!io 
Origin of Species," which appeared in the " Quarterly 
Eeview," for April, 1869. I havo here ventured to 
touch on a class of problems which are usually consi- 
dered to be beyond the boundaries of science, but 
which, I believe, will one day be brought within her 
domain. 

For the convenience of those who are acquainted 
with any of my essays in their original form, I sub- 
join references to the more important additions and 
alterations now made to them. 
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ADDITIONS AND COEEECIW^'S TO THE ESSAYS AS 
ORIGINALLY FUBLJSHED. 

Essays I. and II. are unaltered, but short notes are 
added at pp. 19, 24, 29, and 40. 

III. — Mlmiary, and other Protective Resmriblances 
a-mcmg Animals. 

53 Addifcional illustration of protective colouring in 

the case of the wood-dove and the robin, 
63 On moths resembling bird's dung and mortar, 
86 Correction of some names of African Papilios and 

a reference to Mr. Trimen's observations. 
89 Mr. Jenner Weir's observation on birds which 

refused to eat SpiloBoma menthrasti. 
102 An additional case of snake mimicry in OayrJiopiis 

tr^e^ninm. 
107 Mr. Salvin's case of mimicry among hawks. 
113 Name, Diadema mmmala, added. 
117 to 122. Use of gay colours in caterpillars, with an 

account of Mr. Jenner Weir's and Mr. Butler's 

observations. 

rV. — The Malayan Papilionid^ or Swallow-tailed 

Bulterjlies, as illustrative of tite Theory of Natural 

Seleetioii. 

135 to 140. Additions to the discussion on the rank of 

the PapilionidEG, and on tlie principles which 

determine the comparative rank of groups in the 

animal kingdom. 
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164 Illustration of varnhility fiom Mt EaJier's re- 
vision of the British Ro^es 

173 Additioml ficts, on local variations of colour. 

106 Additional genns ot Lnds (C'e}cipsi9) peculiar 
to Cekbei 

lfl9, 200. Concluding iGimr! 3 

VI.— J/h Philosophy ff Buds'' Kests. 
218 On nesting of Terns and Gulls, rewiittpn. 
220 to 222. Daines Barrington, and others, on the song 
of birds. 

223 On young birds learning to build, by memory and 

imitation. 

224 Levaillant, on mode of nest-building. 
229 On imperfect adaptation in birds' nests. 

VIL— J Theory of Birds' Nests. 

231, 232. Introductory passages modified, with some 
omissions. 

233 How modifications of organization would afFect the 
form of the nest. 

235 Illustration from tho habits of children and savages. 

235, 236, Objection to term "hereditary habit" 
answered. 

237 Passage rewritten, on more or less variable char- 
acters in relation to nidifieation. 

248 On males choosing or rejecting females, and on 
the various modes in which colour may be 
acquired by female birds. 
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249 On probable ancestral colours of female birds. 
255 Protective colouring of tlio Waxwing. 

VIIL — Creation hy Law. 

293 Amoiuit of variation in doga. 

296, 297. The " Times " on Natural 8«lcetion. 

298 to 300. On intermediate or generalized forms of 
extinct animals as an indication of transmuta- 
tion or development. 

302 Tabular demonstration of the Origin of Species by- 
Natural Selection. 

IX. — The development of Human Haees, under 

the law of Natural Selection. 

316 On colour as perhaps correlated with immunity 

from disease in man. 
326, 327, On the probable fnture development of man. 
330 Concluding paragraph rewritten, 

London, March, 1870. 
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PREFACE TO THE SECOND EDITION. 



The flattering reception of ray Essays by the public 
and the press having led to a second edition being 
called for withia a year of its first publication, I have 
taken the opportunity to make a few necessary cor- 
vecfcions. I have also added a few passages to the 
6th and 7th Essays, and have given two notes, ex- 
planatory of some portions of the last chapter which 
appear to have been not always understood. These 
additions are as follows :— 



To anoid alterhig the p 



223il 
223e| 



Additional facts as to birds acquir- 
ing the song of other species. 

Mr. Spruce's remarks on. young birds 
pairing witli old. 

Poucliet's olDservations on a eliange 
in the nests of swallows. 

Passage omitted about nest of Golden 
Crested Warbler, wbich liad been 
inserted on Eennie'a autbority, but 
baa not been confirmed by any later 
observers. 

Dailies Barriiigton, on importaace of 
protection to the female bird, 

Note A. 
Note B. 
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ON THE LAW WHICH HAS REGULATED 
THE IIs^TRODUCTION OF NEW SPECIES.* 



Geographical "Distribution dependent on Geologic 
Changes. 

Every naturalist wlio has directed his attention to 
the snbject of the geographical distribution of animals 
and plants, must have been interested in the singular 
facts which it presents. Many of these facta are (^uite 
different from what would have been anticipated, 
and have hitherto been considered as highly curious, 
but quite ineKplicable. None of the explanations 
attempted from tho time of Linnaeus arc now 
considered at ail eatisfactory ; none of them have 
given a cause sufficient to account for the facts 
known at the time, or comprehensive enough to 
include aU the new facts which have since been, and 
are daily being added. Of late years, however, a 
groat light has been thrown upon the subject by 
geological investigations, which have shown that the 
:e of the eartli and of the organisms now 



* ■Written at Saravmk in February, 1855, a; 
the " AimalB and Magazine of Natural History," September, 
1855. 
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3 ON THE LAW WHIGS HAS HEGJJLATED 

inhaliting it, is but the last '■ti^p ot i long and 
uninti,m:ipted SPiies ot clanfps whieli it ha^ under- 
gone; ind consequently, that to endeavour to e"vpliin 
ind account foi its present condition without any 
lefeience to tho (. dnnges (is his irequentH been 
done) must leid to \er} iinpeiie>.t and critneoua 
conclusj n 

The tacts pio^ed by gt-ologj aic liiefl^ these — 
That duiing an immense, but unknown peiiod, the 
surf ice of the eirth hia undeigwne successive 
changes, land has sunk beneath the oeo<in, whde 
fresh land has iisen up from it mountain chains 
ha^o been elevated, i lanls have been foimed into 
rtntmentb, md coutiucnts aubmeijfed til! they have 
become islands, and these chon^fes hwo tal>.en jlace, 
not once merel}, but [eihais bundieds, ftiliips 
fhousando of times — That all these opeiitions hive 
been more or less continuous, but nnoqual in their 
piogress, and dunn^ tho whole series the organic 
life of the oaith boa undergone a corresponding 
alteration This alteiation also ha? been p,radual, 
but complete , after a cert iiu inters al n jt is ngle 
species existing which hod li^cd it tliu commenee- 
ment of the \ enod This ao\a\ lete rcnc\ d of the 
forms of life also appears to have occntied soeial 
tunes — That from the last of tho jjCilogicil ei els 
to the pre ent or histoiical epoch, the change of 
organic hfe Los been giaduol the fiist appeaiance 
0^ animals now cxisciniT can m many cases be tiaced, 
ihtn UHiibcis gradi Uy incieasinj, ni the niuic re- 
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THE INTnODUCTIOl^ OF A'^JF 8PKCIES. 3 

cent formations, while other species continually die 
out and disappear, so that the pre=!eut condition of 
the organic world is clearly derived by a natural 
process of gradual extinction and creation of species 
from that of the latest geological periods. ^Ve may 
therefore safely infer a like gradation and natural 
sequence from one geological epoch to another. 

Now, taking tiiis as a fair statement of the results 
of geological inquiry, we see that the present geo- 
graphical distribution of life upon the earth must 
be the result of all the previous changes, both of the 
surface of the earth itself and of its inhabitants. 
Many causes, no doubt, have operated of which we 
must ever remain in ignorance, and we may, there- 
fore, expect to find many details very difflcuit of 
explanation, and in attempting to give one, must 
allow ourselves to call into our service geological 
changeB which it is highly probable may have 
occm'red, though wo have no dii-ect evidence of their 
individual operation. 

The great increase of our knowledge within the 
last twenty yeai's, both of the present and past history 
of the oi'ganic world, has accumulated a body of 
facts which should afford a sufScient foundation for 
a comprehensive law embracing and explaining them 
all, and giving a direction to new researches. It is 
about ten years since the idea of such a law sug- 
gested itself to the writer of this essay, and he has 
since taken every opportunity of testing it hj all 
the newly-asccrtained facts with which he has become 
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4 OF THE LAW WHICH HAS EBGULATED 

acquaintei3, or has been able to observe himself. 
These have all serveil to convince him of tho correct- 
ness of his hypothesis. FuUy to enter into such a 
eubjoct would occupy much space, and it h only in 
consequence of some views having been lately pro- 
mulgated, he believes, in a wrong direction, that he 
now ventures to present hia ideas to the public, with 
only such obvious illustrations of the arguments and 
results as occur to him in a place fac removed from 
all means of reference and exact information. 

A Law deduced froin well-known Geographical and 

Geological Facts. 

The following proposition in Organic Geography 

and Greology give the main facts on which the 

hypothesis is founded. 



1. Large groups, such us classes and orders, are 
generally spread over the whole earth, while smaller 
ones, such as families and genera, are frequently 
confined to one portion, often to a very Kmited dis- 
trict. 

2. In widely distributed families the genera are 
often limited in range ; in widely disti-ibuted genera, 
well marked groups of species are peculiar to each 
geographical district. 

3. When a group is confined to one district, and 
is rich in species, it is almost invariably the ease 
that the most closely allied species are found in the 
same locality or in closely adjoining localities, and 
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that therefore the natural seqwence of the species by 
affinity is also geographical. 

4. In countries of a similar climate, but separated 
by a wide sea or lofty mountains, the families, genera 
and species of the one are often represented by 
closely allied families, genera and species peculiar to 
the other. 



5. The distribution of the organic world in time is 
very similai" to its present distribution in space. 

B, Most of the larger and some email groups ex- 
tend through several geological periods. 

7. In each period, however, there are peculiar 
groups, found nowhere else, and extending through 
one or several formations. 

8. Species of one genus, or genera of one family 
occurring in the same geological time are more closely 
allied than those separated in time. 

9. As generally in geogi'aphy no species or genus 
occurs ill two very distant localities without being 
also found in intermediate places, so in geology the 
life of a species or genus has not been interrupted. 
In otlier words, no group or species has come into 
existence twice. 

10. The following law may be deduced from these 
facts : — Evert/ species has come into e^eistence coincident 
both in space and time idth a pre-etdsting closely allied 
species. 

This law agrees with, explains and illustrates all 
the facts connected with the following branches of 
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the subject : — 1st. The system of natnrat affinities. 
2nd. The distribution of animak and plants in 
space, 3rd. The same in time, including all the 
phenomena of representative groupsj and those 
which Professor Forbes supposed to manifest polar- 
ity. 4th. The phenomena of rudimentary organs. 
We will briefly endeavour to show its bearing upon 
each of these, 

The Form of a U-ue si/stem of Classification determined 
by this Law. 
If the law above enunciated be trae, it follows that 
the natural series of affinities will also represent the 
order in which the several species came into exist- 
ence, each one having had for its immediate anti- 
type a closely allied species existing at the time of 
its origin. It is evidently possible that two or three 
distinct species may have had a common antitype, 
and that each of these may again have becwme the 
antitypes from wliieh other closely allied species were 
created. The effect of this would be, that so long as 
each species has had but one new species formed on 
its model, the line of affinities will be simple, and 
may be represented by placing the several species in 
direct succession in a straight line. Bnt if two or 
more species have been independently foimod on the 
plan of a common antitype, then the series of affini- 
ties will be coinpoiind, and can only bo represented 
by a forked or many branched line. Now, all at- 
tempts at a Katural classification and arrangement 
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of organic Leings show, that hoth thpse plans have 
obtained in crpption. Sometimes the soiies of affini- 
ties can be woll represented for a space by a direct 
progression from species to Bpceies or from group to 
group, bnt it is generally found imposiible so to con- 
tinwo. There con-^tantly occur two or more modifica- 
tions of an organ or modifications of two distinct 
organs, lea<ling us on to two distinct series of species, 
which at length differ so much from each other as 
to form distinct genera or fiimilies. The=!e are the 
parallel aeries or representative groups of naturalists, 
and they ol'ten occur in different countries, or are 
found fossil in diflerent formations. They are said 
to liave an analogy to each other when they are so 
far removed from their common antitype as to differ 
in many important points of stmctnre, whilo they 
stiU presorvo a family resemblance. We thus see how 
difficult it is to det«rmino in every eafeo whether a 
given relation is an analogy or an affinity, for it is 
evident that as we go bacli along the parallel or diver- 
gent series, towards the common antitype, the analogy 
which exif^tcd between the two groups beeoniea an 
affinity. We ai'e also made aware of the difficulty 
of arriving at a true claasifieatiou, even in a small 
and perfect group ; — in the actual state of naturn it 
is almost impossible, the species being so numerous 
and the modifications of form and structure so varied, 
arising probably from the immense number of species 
which have served as antitypes for the existing spe- 
cies, and thus produced a complicated branching of 
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the lines of affinity, as intricate as tlie twigs of a 
gnarled oak or the vascular system of the human 
body. Again, if we consider that we have only frag- 
raents of this vast system, the stem and main branches 
being represented hy extinct species of which we have 
no knowledge, -while a vast mass of limbs and boughs 
and minute twigs and seattei'ed leaves is what we 
have to place in order, and determine the true posi- 
tion each originally occupied with regard to the others, 
the whole difficulty of the true Natural System of 
classification becomes apparent to us. 

We shall thus find ourselves obliged to reject 
all those systems of classification which arrange 
species or groups in circles, as well as those 
which fix a definite number for the divisions of 
each group. The latter class have been very gener- 
ally rejected by naturalists, as contrary to nature, 
notwithstanding the ability with which they have 
been advocated ; but tlie circular system of affini- 
ties seems to have obtained a deeper hold, many 
eminent naturalists having to some extent adopted 
it. Wg have, however, never been able to find a 
case in which the circle has been closed by a 
direct and close affinity. In most cases a palpable 
analogy has been substituted, in others the affinity 
is very obscure or altogether doubtful. The com- 
plicated branching of the Unes of affinities in 
extensive groups must also afford great facilities 
for giving a show of probability to any such 
purely artificial arrangements. Their death-blow 



Hn^lcdbyGoOglc 



THE INTBOSTJCTION OF NEW SPECIES. 9 

was given by the admirable paper of the lamented 
Mr. Strickland, published in the "Annals of Na- 
tural History," in which he so clearly showed the 
true synthetical method of discovering the Natural 



Geographical Distrihutwn of Organisms. 
If we now consider the geographical distribu- 
tion of animals and plants upon the earth, we 
shall find all the facts beautifully in accordance 
with, and readily explained by, the present hypo- 
thesis. A country havmg species, gencii, and 
whole families peeulur to it, will be the neces 
sary result of it'i ha^^ng been isolated foi i kng 
period, sufficient for many series ot spLciLi to 
have been ci^eati-d on the type of pie-cxistmg 
ones, which, as well as many of the e'lrhei- 
formed species, have become extinct, and thus 
made the groups appear isohted It m mj cise 
the antitype had an extensive rin^e, two or moic 
groups of species might li'ne been foimed, each 
varying from it in a difPeient mannci, ^nd thus 
producing several lopiesentiti^e or analogous gioups 
The Sylviadse of Euiope ind tho &jKicohdffi ot 
North America, the HeliconidEe of South America 
and the Euplceaa of the East, the group of Tro- 
gons inhabiting Asia, and that peculiar to South 
America, are examples that may be accounted for 
in this maimer. 

Such phaiuomena as are exhibited by tlie Gala- 
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pagoe Islands, which contain little groups of plants 
and animals peculiar to themselves, but most nearly 
allied to those of South America, have not hither- 
to received any, even a conjeefciu-al explanation. 
The Galapagos axe a volcanic group of high anti- 
quity, and have probably never been more closely 
connected with tlie continent than they are at 
present They must have been first peopled, like 
other newly-formed islands, by the action of winds 
and currents, and at a period sufficiently remote 
to have had the original species die out, and the 
modified prototypes only remain. In the same way 
we can account for the separate islamJs having each 
their jpculiai species, either on the supioaition that 
the same ojigmJ emigration peopled the nhole of 
the ishi ds \Mth the sime sjenes fiom which differ- 
ently modified prototypes weie cicated, or that the 
islands were successively peopled fiom each other, 
but thit new specie h^ve been cieated in each on 
the plan of the pie existing ones St Helena is a 
similai cise of a very ■incient island hiMn^, obtimed 
■m entirely peculnr, tliou^h limited, fl ra On the 
othei hmd, no eximjle is known of an i4ind which 
con be pioved geolo^icillj to be of ^try lecent 
origin (late in the Teitiuy, foi instance) and jet 
possesses goneiic oi fimily groups, or o^on many 
species peculiai to it^elt 

When a imge of mountains Ins attained a great 
elevition, and las to icmamel dming \ long geolo- 
giLoI jLiiil, tht '.iiecies ol the two sile at nud 
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near their bases will be often very different, repre- 
sentative species of some genera oeeurring, and even 
wbole genera being peculiar to one side only, as is 
remarkably seen in the case of the Andes and Rocky 
Mountains. A similar phffinomenon occurs when an 
island has been separated from a continent at a very 
early period. The shallow sea between the Peninsula 
of Malaooa, Java, Sumatra and Borneo was probably 
a continent or large island at an early epoch, and 
may have become submerged as the volcanic ranges 
of Java and Sumatra wore elevated. The organic 
results we see in the very considerable number of 
species of animals common to some or all of these 
countries, while at the same time a number of closely 
allied representative species exist peculiar to oaob, 
showing that a considerable period has elapsed since 
their separation. The facts of geographical distribu- 
tion and of geology may thus mutually explain each 
other in doubtful cases, should the principles here 
advocated be clearly established. 

In all those eases in which an island has been 
separated from a continent, or raised by volcanic or 
coralline action from the sea, or in which a raoun- 
tain-ebain has been elevated in a recent geological 
epoch, the phjenomena of peculiar groups or even 
of single representative species will not exist. Our 
own island is an example of this, its separation from 
the continent being geologically very recent, and we 
have consequently scarcely a species which is pecu- 
liar to it; while the Alpine range, one of the most 
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recent mountain elevations, separates faunas and floras 
■whicli aeareoly differ more than may be due to climate 
and latitude alone. 

The series of facts alluded to in Proposition (3), 
of closely aUied species in rich groups being found 
geographically near each other, is most striking and 
important. Mr. Lovell Keeve has well exemplified it 
in his able and interesting paper on the Distribution 
of the Bulimi. It is also seen in the Humming- 
birds and Toucans, little groups of two or three 
closely allied species being often found in the same 
or closely adjoining districts, as we have had the 
good fortune of personally verifying. Fishes give 
evidence of a simOar kind : each great river has 
its peculiar genera, and in more extensive genera 
its groups of closely allied species. But it is the 
same throughout Nature ; every class and order of 
animals will contribute similar facts. Hitherto no 
attempt has been made to explain these singular 
phffinomona, or to show how they have arisen. Why 
arc the genera of Palms and of Orchids in almost 
every case confined to one hemisphere ? Why are 
the closely allied species of brown-backed Trogons all 
found in the East, and the greon-backed in the 
West? Why are the Macaws and the Cockatoos 
similai'Iy restricted ? Insects fmmish a eountJesa 
number of analogous examples ; — the Goliathi of 
Africa, the Omithopterse of the Indian Islands, the 
Heliconidce of South America, the Dauaidfe of the 
East, and in all, the most closely allied species found 
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in geograpbical proximity The question foices itself 
upon every thinking mind, — wliy arc these things 
so ? They eouid not bp as thcv aie had no law 
r^ulated their creation and dispersion The law 
here enuiiciatod not merely expliras, but neeesbitates 
the facts wo see to exist, while the iist ind long- 
continued geological change* of the eiith riidilj 
account for the exceptions ind appirent discrepan- 
cies that here and tlicro occui The wiiter s object 
in putting forward his Mews m the piesent inifer- 
fect manner is to submit them to the test of other 
minds, and to ho made iivaie of ill the facts 
supposed to . be inconsistent with them As bis 
hj'pothesia is one which claims accept in ce solely 
as explaining and connecting facts which exi'.t in 
nature, he expects feets alone to be brought t) dis- 
prove it, not h priori arguments against its pro- 
bability. 

Geologifal Distnbvfion of the Forms of Life. 
The phenomena of geological distribution are ex- 
actly analogous to those of geography. Closely allied 
species are found associated in the same beds, and 
the change from species to species appears to have 
been as gradual in time as in space. Geology, how- 
ever, furnishes ua with positive proof of the extinc- 
tion and production of species, though it does not 
inform us how eitlier has taken place. The extinction 
of species, however, offers but little difficulty, and 
the modus ojierandi ha« been well illustrated by Sir 
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C. Lj'ell in his admirable " Principles," Geological 
changes, however gradnal, muafc occasionally have 
modiiied external conditions to snch an extent as 
to have rendered the existence of certain species 
impossible. The extinction would in most cases be 
effected by a gradnal dying-out, but in some in- 
stances there might have boon a sndden destruction 
of a species of limited range. To discover how the 
extinct species have from time to time been replaced 
by new ones down to the very latest geological period, 
is the most difficult, and at the same time the most 
interesting problem in the natural history of the 
earth. The present incjuir}-, which seelis to elimi- 
nate from known facts a law which has determined, 
to a certain degree, what species could and did ap- 
pear at a given epoch, may, it is hoped, be consi- 
dered as one step in the right direction towards a 
complete solution of it. 

Hiffh OrgatiKution of very ancknt Animals comishnt 
with this Law. 
Much discussion has of late years talien place on 
the question, whether tlie succession of life upon the 
globe has been from a lower to a higher degree of 
organization. The admitted facts seem to show that 
there has been a general, hut not a detailed pro- 
gression, SloUusca and Eadiata exi'-ted before Ver- 
tebrata, and the progression from ]?i&hes to Reptiles 
and Mammaiia, and ako from the lower mammals 
to the higher, is indisputabfo. On the other hand, 
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it is said that the Mollusca and Kadiata of the very 
earliest periods were more highly organized than 
the great mass of those now existing, and that the 
very iirst fishes that have been discovered arc by no 
means the lowest organised of the class. Now it is 
believed the present hyjiothesis will harmonize with 
all these facts, and in a great measure serve to 
explain them ; for though it may appear to some 
readers essentiaJIy a theory of progression, it is in 
reality only one of gradual change. It is, however, 
by DO means difficult to show that a real progression 
in the scale of organization is perfectly consistent 
with all the appearances, and even with apparent 
retrogression, should such occur. 

Returning to the analogy of a branching tree, as 
the best mode of representing the natural arrange- 
ment of species and their successive ci-eation, let ns 
suppose that at an early geological epoch any group 
(say a class of the Mollusea) has attained to a great 
richness of species and a high orgaiiization. Now 
let this great branch of allied species, by geologi- 
Cfd mntations, be completely or partially destroyed. 
Subsequently a new branch springs from the same 
trunk, that is to say, new species are successively 
created, having for their antitypes the same lower 
organized species which had served as the antitypes 
for the former group, but which have survived the 
modified conditions which destroyed it. This new 
group being subject to these altered conditions, has 
modifications of structure and organization given 
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to it, and becomes the representative group of tlie 
former ono in another geological formation. It may, 
however, happen, that though later in time, the new 
series of species may never attain to so high a 
degree of organization as those preceding it, hut 
in its turn become extinct, and give place to yet 
another modification from the same root, which may 
be of higher or lower organization, more or less 
numerous in species, and more or less varied in form 
and structure than either of those which preceded it. 
Again, each of these groups may not have become 
totally extinct, but may have left a few species, the 
modified prototypes of which have existed in each 
succeeding period, a faint memorial of their former 
grandeur and luxuriance. Thus every ease of ap- 
parent retrogression may be in reality a progress, 
though an interrupted one : when some monarch of 
the forest loses a limb, it may be replaced by a 
feeble and sickly substitute. The foregoing remarks 
appear to apply to the case of the MoUusca, which, 
at a very early period, had reached a high organi- 
zation and a great development of forms and species 
in the testaceous Cephalopoda. In each succeeding 
age modified species and genera replaced the former 
ones which had become extinct, and as we approach 
the present £era, but few and small representatives of 
the group remain, while the Grasteropods and Bi- 
valves have acquired an immense preponderance. In 
the long series of changes the earth has undergone, 
the process of peopling it with organic beings has 
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besii continually going on, and whenever any of the 
higher groups have become nearly or quite extinct, 
the lower forms which have better resistail the modi- 
fied physical conditions have served as the antitypes 
on which to found the new races. In this manner 
alone, it is believed, can the representative groups 
at successive periods, and the risings and fallings in 
the scale of organization, be in every case explained. 

Objections to Forbes' Theory of Polm-ity. 
The hypothesis of polarity, recently put forward by 
Professor Edward Forbes to account for the abun- 
dance of generic forms at a very early period and at 
present, while in the intermediate epochs there is 
. a gradual diminution and impoverishment, till the 
minimum occurred at the confines of the Palfeozoic 
and Secondary epochs, appears to us quite unne- 
cessary, as the facts may be readily accounted for 
on the principles already laid down. Between the 
Palffiozoic and Neozoic periods of Professor !Forhes, 
there is scai-cely a species in common, and the 
greater part of the genera and families also dis- 
appear to be replaced by new ones. It is almost 
universally admitted that such a change in the 
organic world must have occupied a vast period ot 
time. Of this interval we have no record ; pro- 
bably because the whole area of the early formations 
now expceed to our reseai-ches was elevated at the 
end of the Pakeozoic period, and remained bo through 
the interval required for the organic changes which 
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resulted m the f-nm.i and fl r'i of the Secondary- 
period The records of this internal ire buried 
benPith the ocean which covera thiee-Iaurthi of the 
globe Now it ippeais highlj probable that i long 
ponod of quiescence or stibihty m the physical con- 
ditions of 1 dishict would be m<ft ftvoniibit to the 
evistence of oigarao lite m the gicvtest abundance, 
both IS reguli individuila and ilso ae to vaiiety of 
species and geneiic gionp, jnst as we now find tliat 
the phcei h&'^i aifapted to the lapid giowth ani m- 
ciease of indi\idails also contim the gieafcest pro- 
fusion of species ind the greatest vtiiety of forms, 
— the tropics in compaiison with the tempeiate and 
aictic legions On the othei hand, it scfms no 
less probille that t chanj,e m the phyaieil conditions 
of a distiict, e\en smill m amount if ripid, or 
e^en gialiiil if to a great imount, would be highly 
unfavourable to the existence of individuals, might 
ciuse the evtinctim of many species, and would pro- 
bably be equilly iinfo^ ouriblo to the cicaticn of new 
onc« In this too we mij find in inalogy with the 
jreaent stite ot oui earth, for it his been shown to 
be the violent e\tiemes ind rapid changes ot phy- 
sic il conditions, nther thm the ictual mean stite 
m the tempBiite and fiigid zmcs, which rendeis 
them Ics prohfic thin the tropical regions, is exem- 
plified hy the gieat distmce beyond the ttopics 
to which tropical forms penetiate when the climate 
la efniible, and also hy the richness m sjecies and 
forma of ti epical mount im regions whicli piiiicipilly 
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differ fiom the tenipeiate zone in the uniformity of 
th ir cbmito However this miy be, it leems a 
fair assumptaoii th^t ilnnng a jeiiol of £;eologicil 
rejose the ncv species whith we know to 1ii\q been 
cieited would hive appeT.ied, that the creitions 
would then exceed in number the extinctions, an I 
therefore the number of species would inereise 
In 1 peiiod of ijeok^ical actMt>, on the other hind, 
it seems probiUe tl ^t the extinct ens might exceed 
the cieatiDns, ana the numbei of species consequently 
dim nish That such ffect'* bd ti! e place in eon- 
ne\ion with the ciu'ics to which we have imputed 
them, 11 ihown m the ease of the Coil formation, 
the faults and contort ons of which show a poiiod of 
great activity md Molent con\'ulsionB, ind it is m 
tlie foimation immediitely suci^eding this that the 
poveitv of form? of bfe is most ippaient. We 
hj,\6 then only to suppost, i ling pcnod of somewhat 
Eimilai action duiing tbe viat unlnown inteivol it 
the terminition ot the Paleozoic peiiod, and then 
a dei^reasing violence oi iipidity throui^h the Second- 
try peiiod, to tllow for the giadual repopnlition ot 
the earth with vnied ft mis, an I the whole ot the 
fict& lie evphmel* "VVe thu« h-n 3 a clue to the 
increTiO ot the terms dI life duimg ceitain peiiods, 
an I their deueise duim^ otheis, \Mthout lecourse 

* Professoi Ea,iflaay has iinte shown that a glac al epcdi 
jroliably oc uri,t at the timt. ct the Pe mian f imatiun 
wliii,h will raure satisfii-torilj at.LOunt foi the comparative 
poycrtj of species. 

2 
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to any causes but those we laiow to have esisteJ, 
and to effects fairly deducible from tliem. The pre- 
cise manner in which the geological changes of the 
early formations were effected is so extremely 
obscure, that when we can explain important facta 
by a retariiation at one time and an acceleration at 
another of a process which wo know from its nature 
and from observation to have been unequal, — a cause 
so simple may surely be preferred to one so obscure 
and hypothetical as polarity. 

I would also venture to suggest some reasons 
against the very nature of the theory of Professor 
Forbes. Onr knowledge of the organic world 
duiing any geological epoch is necessarily very im- 
perfect. Looking at the vast numbers of species 
and groups that have been discovered by geologists, 
this may be doubted; but we should compare their 
numbers not merely with those that now exist upon 
the earth, but with a far larger amount. Wo have 
no reason for believing that the number of species 
on the eartli at any former period was much less 
than at present j at all events the aquatic portion, 
with which geologists have most acquaintance, was 
probably often as great or greater. Now we Icnow 
that there have been many complete changes of 
species; new sets of organisms have many times been 
t d d pi f H 1 h h b ne 

tnt thtthttal nthihh xtd 

th tl fr th 1 t g 1 1 p d m t 
1 b 1 t t! 1 1 t to tl 
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living, as the wliole human race who have lived and 
died upon, the earth, to the population at the prcfeunt 
time. Again, at each epoch, the whole earth was 
no doubt, as now, more or less the theatre of life, 
and 39 the successive generations of each &pecies 
died, their exuviai and preservable parts would be 
deposited over every portion of the then existing 
seas and oceans, which we have reason for supposing 
to have been more, rather than less, extensive than 
at present. In order then to understand our possible 
knowledge of the early world and its inhabitants, 
we must compare, not the area of the whole field of 
our geological researches with the earth's surface, 
but the area of the examined portion of each forma- 
tion separately with the whole earth. For example, 
during the Silurian period all the earth was Silurian, 
and animals were living and dying, and depositing 
their remains more or less over the is hole area of the 
globe, and thoy were probably (the species at lea&t) 
nearly as varied in difterent latitudes and longitudes 
as at present. What proportion do the Silurian dis- 
tricts bear to tlie whole surface of the globe, land and 
sea (for far moro extensive Silurian districts probably 
exist beneath the ocean than above it), and what 
portion of the known Silurian districts has been 
actually examined for fossils ? "Would the area of 
rock actually laid open to the eye be the thousandth 
or the ten-thousandfcb part of the earth's surface? 
Ask the same question with regard to the Oolite or 
the Chalk, or even to particular beds of these when 
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thpv liffdr cciisideribly m their foi^iis, anl you may 
tlien get some notion of hew sniill a poitiou of the 
whole we 1 now 

But yet more impiitiit la the piol ibilitj nn 
ilmost the eertiinty> thtt ■wliole formations contam- 
iiig the reeoids of ^'ist geolo^icil penods are entirely 
buiieil heneith the ocean, ml foi o\cr T>e\cnd our 
let h Most of the gaps m the ^edogicil sene« 
may thu5 be fillp 1 up, and vast numbers of un- 
known and unimaj^mable inimak, wlitli might help 
to elucidite the affinities of the nuiuerou'' isolated 
groups whch aie a perpetual puzzle to the zo lit,istj 
may there be buned, till future re^olutlona may 
raise them m their turn iL \e the watois to afford 
matcrnis for the btul-y of whatevei lace of intelli- 
gent bemgs may then li ve =!ueceoled us These con- 
siderations must lead us to the etnclusion, that our 
1 nowledge of the whole senes of th^ foi ner mhahi 
touts of the eaith is necessarily most imperfect and 
trigmentarv, — as much so as our knowledge of the 
present oiganio woild would be, were i^e fjrced to 
male our c lloct ons and olservations only in spcts 
equally limited m ai ea and m numt ci \'\ ith those 
actually laid open for the eoilection (f fossils iNow, 
the hypothesis of Profe'isoi I"crbes is essentially one 
that assumes to a great extent the completeness of 
fur kuowlclge of the i\h<le seiiLS of oigimc beings 
\¥luch ha e exibted on the earth This aj pears to 
le a fatal object on ti it mdependenth of j,ll other 
c rasidtrati ms. It ma^ be sail tl t the sai e cb- 
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jeetions exist igainst every theoiy on eucli a subject, 
but this 18 not nece'?sarily the case The hrpotlusis 
put fiiwnrd m thii pipur dt.pf.nd'i m no dei^ree 
upon the completeness of om knowledge of tho 
formei condition cf tho oriranie woild, but t.ikes 
what facts we have is fngmenta of a \ast whole, 
and deduces frim them something of the nitiuo ind 
piopoiticns of that whole which we cin ne^cr know 
m iletiil It IS twunded ujon isolated jfioups of 
tacts, recogn zes tht.ii isohtion, ind eiidei\ouit, to 
deduce from tJiera the iiituie of the mtLnenin^ 
portions 

End menl mj q nit 
Anothei important series of ficts, quite iii au id- 
ance with, and e^en necessary deductions from, tho 
law now developed, nre thiso of rudiment uv orgins 
That the'ie really do exist, and in nio=!t cases 
have no spw^al function m the inimi! ccconomi, 
IS almitted b\ the fiist authiiities m compaiatne 
initomy The mmuto limbs hidden beneith the skm 
in manv of the snake like Iiziids, the anil h oks 
of the loa constiictor, the conplete series of jcmted 
finger hones in the pildie of tho M-initus and 
whaie, aie i few of the most familiar instances In 
botany a similar class of facts has been long le- 
oogui'>ed. AboituG stamens, rudimentary floral en- 
velopes and undeveloped carpels lie of tl e most 
frequent occuiience To every thoughtful natu ahst 
the question must iiise, "Whit iig these fn' "What 
\i^% tlL> to dj with tie ^reit laws of cttjti n i* 
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Do tlioy not teich as aomefhmg of the sj'itpra oi 
Natuie? If eacli species has been cieatcd mde- 
pendentH, and without any neLei^iry relations with 
pre-esiating specie'?, whit do theie nidimentSj these 
apparent inipufectiona me in '' Theie iTm''t be i 
cause for them , they muit be the nccL^i'nij lesults 
of some greit nitniil kw Now, it, is it his been 
eudeavouied to be shown, tho gieat law which has 
regulated the puophug ot the eiith with immal ind 
vegetible life is, that eveiy chinge shill be niidual, 
that no new creatuie ahal! be formed widely diffenng 
from anything before existing, thtt m thi'i, as in 
e^erJthIng else in Matuie, there sbill be giadation 
and harmonj, — then these mdimentiry oigana aie 
necessiry, and aie an e=*sential pait of the system ot 
Nature. Ere the higher Vertehrata were formed, for 
instance, many steps were required, and many organs 
had to undergo modifications from the rudiniental 
condition in which only they had as yet existed. 
We still see remaining an antitypal stetch of a wing 
adapted for flight in the scaly flapper of the penguin, 
and limbs lirst concealed beneath the skin, and then 
weakly protruding from it, were the necessary gra- 
dations before others should be formed fully adapted 
for locomotion.* Many more of these modiflca» 
tions should we behold, and more complete series 

* Tte tLbeory of Natural Selection iias now taugtt ua that 
these are not the steps by which liniha have been formed ; and 
that moat rudimentary organs have been produced by abortioiii 
owing to disiKe, as explained by Mr. Daiwiu. 
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of them had we a new of all the foima which have 
ceised t3 1 ve The great gapi tint exi^t between 
tiohes, reptiles, birds, and mammals would then, no 
doubt, be softened down by intermediate groups, and 
the whole oijjanic woild wouU bi. setn to bu m 
unbroken and hirmomous s-vstem 

Condu io' 
It has now oeen shown, though most briefly and 
imperfectly, how the law that ^^ Every species has come 
into existence coincident hoik in time and space with a 
pre-eteistinff claseh; allied spedes," connects together 
and renders intelligible a vast number of independent 
and hitherto unexplained facts. The natural system, 
of arrangement of organic beings, their geographical 
distribution, their geological sequence, the phainomeua 
of representative and substituted groups in all their 
modifications, and the most singular peculiarities of 
anatomical sU'ucturo, are all explained and illus- 
trated by it, in perfect accordance with the vast 
ma^ of facts which the researches of modern na- 
tnrahsta have brought together, and, it is believed, 
not materially opposed to any of them. It also 
claims a superiority over previous hypotheses, on 
the ground that it not merely explains, but necessi- 
tates what exists. Granted the law, and many of 
the most important facta in Nature ■ could not have 
been otherwise, but are almost as necessary dedne- 
tions from it, as are the elliptic orbits of the planets 
from the law of gravitation. 
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II. 

ON THE TENDENCY OF VARIETIES TO 
DEPART INDEFINITELY FROM THE 
ORIGINAL TYPE.* 



ImtahUity of Vm^icfies supposed to p'ove tlie permaTwnt 
dutinetness of Species. 

One of tho strongest arguments -which have been ad- 
duced to prove the original and permanent distinct- 
ness of species is, that varieties pradneed in a state of 
domesticity are more or less unstable, and often have 
a tendency, if left to themselves, to return to the 
normal form of the parent species; and this insta^ 
bility is considered to ho a distinctive pcculini-ity of 
all varieties, even of those occurriug among wild 
animal? in a state of nature, and to constitute a pro- 
vision for preserving unchanged the originally created 
distinct species. 

In the absence or scarcity of fiiots and observa- 
tions as to varidi'S occurring among wild animals, 
this argument has had great weight with natural- 
ists, and has led to a very general and somewhat 

* Written at Teinat«, February, 1368, and puhliBherl in 
tlio Journal of the Prooeocliiigs of the Lmnesaa feociety for 
August, 185a 
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prejudiced belief in the stability of species. Equally 
genera!, however, is the belief in what are called 
" permanent or true varieties," — races of animals 
which continually propagate their like, but which 
differ so slightly (although constantly) from some 
other race, that the one is considered to be a variety 
of the other. Which is the variety and which the 
original species, there is generally no means of de- 
termining, except in those raro cases in which the 
one race has been known to produce an offspring 
unlike itself and resembling the other. This, bow- 
ever, would seem quite incompatible with the " per- 
manent invaTiability of species," but the difficulty is 
overcome by assuming that such varieties have strict 
limits, and can never again vary further from the 
original type, although they may return to it, which, 
from the analogy of the domesticated animals, is 
considered to be highly probable, if not certainly 
proved. 

It wiU be observed that this argument rests en- 
tirely on the assumption, that varieties occurring in 
a state of natnre are in all respects analogous to or 
even identical with those of domestic animals, and 
tcK governed by the same laws as regards their per- 
manence or further variation. But it is the object 
of the present paper to show that this assumption is 
altogether false, that there is a general principle in 
nature which will cause many varieties to survive 
the parent species, and to give rise to successive 
variations departing further and further from the 
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original type, and which also produces, in i 

catcd animals, the tendency of vai'ieties to return to 

the parent form. 

The Struggle for Eieisfetice. 
The life of wild animals is a struggle for exist- 
ence. The full exertion of all their faeuities and 
all their energies is required to preserve their own 
existence and provide for that of their infant off- 
spring. The possibility of procuring food during the 
least fayourabie seasons, and of escaping the attacks 
of their most dangerous enemies, are the primary 
conditions wliich determine the existence both of 
individuals and of entire species. These conditions 
will also determine the population of a species; and by 
a careful consideration of all the circumstances we 
may be enabled to comprehend, and in some degree 
to explain, what at first sight appears bo inex- 
plicable — the excessive abundance of some species, 
while others closely allied to them are very rare. 

Tlie Law of Population of Species. 
The general proportion that mnst obtain between 
certain groups of animals is readily seen. Large 
animals cannot be so abundant as small ones ; the 
carnivora must bo less numerous than the herhivora; 
eagles and lions can never be so plentiful as pigeons 
and antelopes; and the wild asses of the Tartarian 
deserts cannot equal in numbers the horses of the 
more luxuriant prairies and pampas of America. The 
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greater or less fecundity of an animal is often con- 
sidered to bo one of the chief causes of its abun- 
dance or scarcity; but a consideration of the facts 
will show us that it really has little or nothing to 
do with the matter. Even the least prohfie of 
animals would increase rapidly if unchecked, whereas 
it is evident that the animal population of the globe 
must be stationary, or perhaps, thi-ough the influence 
of man, decreasing. Fluctuations there may be ; but 
permanent increase, except in restricted localities, is 
almost impossible. For example, our own obseiTa- 
tion must convince us that birds do not go on 
increasing every year in a geometrical ratio, as they 
would do, were there not some powerful check to 
their natural increase. Very few birds produce leas 
than two young ones each year, while many have 
six, eight, or ten; fom: will certainly be below the 
average ; and if we suppose that each pair produce 
young only four times in their life, that will also be 
below the average, supposing them not to die either 
by violence or want of food. Yet at this rate how 
tremendous would be the increase in a few years 
from a single pair I A simple calculation will show 
that in fifteen years each pair of birds would have 
increased to nearly ten millions ! * whereas we have 
no reason to believe that the number of the birds of 
any country increases at all in fifteen or in one 
hundred and fifty years. With euch powers of in- 

* Thia ia ttnclev estimated. The numhei' would I'cally 
amount txi more thaa two thoiisaud millions I 
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ciease the pijuUtion mii=tt hi\e rexrlicd its bmiti, 
lud hive become "tatiomiy, in a ■very fen years 
ifter the oii^in of eieh species It is eMfJent, there- 
foic, that each -\ei\ in immense iiumbei ot buds 
mu^t perish — as mmy m ftct is lie born , ind as 
on the lowest cilouHtion the piogeny ire eich year 
twice at> nnmeious as their paient"", it follows that, 
whatever be the i^eiage ntimbei of indniduals exist- 
ing in loy given country, tuict tJiai nunlei must 
pensh cnnvxUy, — i stnking result, but one which 
seems at least highh piobable, and is perhaps under 
rati ei thin over the truth It would therefoie ap- 
pear that, as fir as the contmnince (t the Rpeciea 
and the keeping up the average numl ci of inli- 
viduals art i,jni,einecl, kige broodi aie «upeifluuus 
On tl average all above oh become food foi hawks 
imd kites, iMld cats oi weasels, or perish of cold 
and hunger as wiutei comes on This is strikingly 
proved by the cise of pirticular species, for we 
find that t} eir abundance m indniduals bears no 
relation wh\tp\er to their fertiht^ m pioluciug oft- 
hpiins; 

Peihaps the mist lemail able mstauLO of in im- 
mense bud pcpulition IS thit of the pas cngei 
pigeon (f thb United States, which iajs only one, 
jc at most two eggs, and is aaid to lear gener- 
allj but one joung one Why is this bird so 
o^iaordmanly abuudint, while otheia piodnt-mg two 
or thiee tim s as man> ■\onng arr much less jlen- 
tiful' The estimation is not dilficult Tho food 
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most coflgfiiiil to tills speciea, and on wIiigIi ifc 
thiivcs belt IS ibuncliiitly distiibuted over a very 
extensile region, offeimg such diiFuienffis of soil 
and cl nite tl it in oiio jaifc oi mothei of the 
aie% the 'iiipilj nevei fills The bud is ciiible of 
a veiy npid ind long cent nued flight, so that it 
can piss without fit gue over tl e i\ hole of the dis- 
tiict it mhab ts and as soon ae the supply ct food 
begms to fail in one jliee ly alle to discover 
a fiesh fee lin^ grrtun ! This eximplc trikmgly 
fihiws uB thit the [rccui ng a (.cnstint supply of 
wholesome fuod is ilmost iho sole conlition le 
quiiite f r eii'*imng the ^^yld increT'e of a given 
speciea, since neither th limited fecnnlity, noi the 
unrestrimed attacks ol bids of pioy ind of mm 
are heie uih lont to cheek it In no othei buds 
aie these peculnr ureumstances so sink ndy com 
b ned Eitl er th 11 f od i^ more Inble to failure, 
01 they hive not suihtieut power of wmjj to «eaich 
foi it 01 ei in evten'i le aiei, or dming some 
seison of tlie jeir it becomes lery seiice, and less 
wholesome tubstitutca bnve to be found lud tl us, 
though moie feitile m offprmg, thej can ne\er m- 
Lteaae beyond the supply of food m the List 
f \vourable seasoi s 

Miny buds can onl) e\ist by migittmg, when 
their food beuomes soaice, to re^^ions po sessm^ a 
milder, or at Idst i diffeient climate, though, is 
these migrating bir^s lie seldom excessively ibun 
dant, it 18 evident that the countries they visit are 
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still deficient in a constant and abundant supply of 
wholesome food. Those whose organization does not 
permit them to migrate when their food becomes 
periodically scarce, can never attain a large popu- 
lation. This is probably the reasons why wood- 
peckei-s are scarce with us, while in the tropics they 
are among the most abundant of solitary birds. 
Thus the honse sparrrow is more abundant than the 
redbreast, because its food is more constant and 
plentiful, — seeds of grasses being preserved dnring 
the winter, and our farm-yards and stubble-fislds 
furnishing an almost inexhaustible supply. Why, as 
a general rule, are aquatic, and especially sea birds, 
very numerous in individuals ? Not because they 
are more prolific than othera, generally the con- 
trary ; but because their food never fails, the sea- 
shores and river-banks daily swarming with a fresh 
supply of small raollusca and Crustacea. Exactly 
the same laws will apply to mammals. Wild cats 
are prolific and have few enemies ; why then are 
they never as abundant as rabbits ? The only in- 
telligible answer is, that their supply of food is 
more precarious. It appears evident, therefore, that 
so long aa a country remains physically unchanged, 
file numbers of its animal population cannot ma- 
terially increase. If one species does so, some others 
req^uiring the same kind of food must diminish in 
proportion. The numbers that die annually must be 
immense ; and as the individual existence of each 
animal depends upon itself, those that die must be 
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the WLikest — the veiy yowng, the aged, and the 
li«ei'*ed — while those thit piolwng their exiitenoe 
cm onlj be the mo'^t pciiect Ui health ^nd vigom — 
thote wh^ aiP be'-t able to ohtam fiid leguhil}, and 
avoid then rmmeroua enemies It is, as we com- 
menced by romaikmg, " a ^trnggle for existence," m 
which the wetkesfc lul least perfectly oigmized 
must always succumb 

Ihfi Abundance or B/irity of a Spen - dependtnt upun 
its more or Jets perfect Adaptation to the Con- 
ditumt of E'wimce 
It scemi c\id nt thit what t'ikes plice among the 
indiyduals of i sj ecies must iho olcui among the 
sepeni -ilhed species of a ^loup, — mz , thit those 
which ire h"sb adapted to obtain a legukr supply 
ot food, tiid to defend theni'<Blve8 against the ittacliS 
ot then enemies and the vicibsitudes of the seasons, 
must necessaui} obtain and preserve a supenonty 
in population, nhile those species which fiom some 
defect of power or oiganizition aro the least capa- 
ble ot counteracting the vjcissitudei ot food-supply, 
&c , must dimmish m numbers, and, m t-ctreme 
cases, become oltogcthei e\tmt,t Between these ei- 
tiemes the species -nill pies nt vinous degrees of 
cipacity for etjUiing the means of pre^eiMng life; 
and it IS thus we account for the abundance or rarity 
of species Oni ignorance will geneially pievent us 
from accurately tracing the eflects to their causes ; 
but eonld we become perfectly acquainted Mith the 
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organization and habits of the variou'* species of ani- 
mals, and could we measure the capacity of each tnr 
performing the different acts necessary to ifa safety 
and existence under all the varying circumstances by 
■which it is surrounded, we might be able even to 
calculate the proportionate abundance of individuals 
w-liich is the necessary resiilfc. 

If now we have succeeded in establishing these 
two points — 1st, that the animal population of a 
country is generally stationary, being kept down by a 
periodical dfficwney of food, and other cheeks; and, 
2nd, that the comparative aJmndance or scarcity of ^le 
indiiMiiola of the several specie? is entirely due to their 
organization and resulting Iiabits, which, rendering it 
more dijicult to procwre a regular supply of food and 
to provide for ilidr personal safety in some cases than 
in others, can only be balanced by a difference in the 
population which have to exist in a given area — we 
Bhall bo in a condition to proceed to the consider- 
ation of vai-ieties, to which the preceding remarks 
have a direct and very important application. 

Useful Varitdlnns will tend to Increase ; useless or hmt- 
ful Variations to Diminish. 

Mnst or perhaps all the variations from the 
typical forni of a species must have some definite 
effect, however slight, on the habits or capacities of 
the individuals. Even a change of colour might, by 
ren'lenng them more or less distinguishable, affect 
their saloty; a greater or less develupuient of Irnir 
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might modify their habits. More importaEt changes, 
such as an increase in the power or dimensions of 
the limbs or any of the external organs, would 
more or leas affect their mode of procuring food 
or the range of country which they couJd inhabit. 
It ifi also evident that most changes would affect, 
either favourably or adversely, the powers of pro- 
longing existence. An antelope with shorter or 
weaker logs must necessarily suffer more from the 
attacks of the feline caniivora; the passenger pigeon 
with less powerful wings would sooner or later he 
aifected in its powers of procuring a regular snpply 
of food ; and in both cases the result must neces- 
sarily be a diminution of the population of the 
modified species. If, on the other hand, any species 
should produce a variety having slightly increased 
powers of preserving existence, that variety must 
inevitably in time acquire a superiority in numbers. 
These results must follow as surely as old age, in- 
temperance, or scarcity of food produce an increased 
mortality. In both cases there may be many 
individual exceptions ; but on the average the rule 
will invariably be found to hold good. AU varieties 
will therefore fali into two classes — those which 
under the same conditions would never reach the 
population of the parent species, and those \\hich 
would in time obtain and keep a numerical su- 
periority. Now, let some alteration of physical 
conditions occur in the district — a long period of 
drought, a destruction of vegetation by locusts, the 
D 2 
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irruption of some new carnivorous animal ■^elmg 
" pTitiues new — any chmge m fact tending to 
lender exi'^tenco moie diffiLuIt to the "pecicti in 
question, ind tasking its utmost powers to a^oid 
complete exteiminition it ii CMdent that, ol all 
the individuals unnpoaiiig the species, those foimmg 
the least numerous ind miat feebly oigamzed 
\anety would auffei fir<*t, and, weie the pies=iure 
seveie, mu'<t soon become extinct The same ciuaes 
contmmng in icticn, the parent species woulti next 
sufler, would gradually dimmish m numbers, and 
nith a lecurreni^ ol similar unfavourable conditions 
might iho become extinct The supeim ninety 
would then alone remain, and on a letmn to 
favourable circum'-tince'; would lap 11> mtrfiae m 
numbtrs and occupy the [lace of the extmct sjccita 
and vaiiety 

SuperKn Vaiittu'' wiU ultimatelj Utiujctte tit. onjinal 
S} eciet 

The tariPty would now ha\e lepliced tho <ipec%f<, 
of which it would be a mcie jpifectly developed 
and moie highly oiganizcd firm It would be m 
all respects bettei adipted to secure its sifoty, aud 
to piolong its individual e\i8tence and that of the 
race Such a -laiiety eoutl not leturn to the on 
gmal tirm, f)r that form is an inteiioi one, and 
could never compete with it for existence Gianted 
therefore, a "tendency to reproduce tho rri^iml 
type of the speues, still the variety must €v»r le 
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main proponderant in nunabcrs, and under adverse 
jihy^icul conditions again alone suiiive. But this 
new, improved, and populous race miglit it=!elf, in 
course of time, give rise to new VEwieties, exhibiting 
■several diverging modifications of form, any of which, 
tending to increase the facilities for preserving ex- 
istPnce, must, by the same general law, in their 
turn become predominant. Here, then, we have 
progression and cmUinued divergence deduced from the 
general laws which regulate the existence of animals 
in a stat« of nature, and from the undisputed fact 
that varieties do frequently occur. It is not, how- 
ever, contended that this result would be invariable ; 
a change of physical conditions in the district might 
at times materially modify it, rendering the race 
which had been the most capable of supporting ex- 
istence under the former conditioi^ now the least so, 
and even causing the extinction of the newer aud, 
for a time, superior race, while the old or parent 
species and its first inferior varieties continued to 
flourish. Variations in unimportant parts might 
also occur, having no perceptible effect on the life- 
preserving powers ; and the varieties so furnished 
might run a course parallel with the parent species, 
either giving rise to fiirther variations or returning 
to the former type. All we argue for is, that cer- 
tain varieties have a tendency to maintain their 
esistonce longer than the original species, and this 
tendency must make itself felt ; for though the doc- 
trine of chances or averages can never be trusted to 
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on a limitcl scale, yet, if applied to high nttmbers, 
the results come nearer to what theory demands, 
and, as we approach to an infinity of examples, 
become strictly accurate. Now the scale on wHcIi 
nature works is so vast — the numbers of individuals 
and the periods of time with which she deals ap- 
proach so near to infinity, than any cause, how- 
ever slight, and however liable to be veiled and 
counteracted by accidental circumstances, must in 
the end produco its full legitimate results. 

7'Ae Partial Reversmi of Domesticated Varieties 
explained. 

Let us now turn to domesticated animals, and in- 
quire how varieties produced among them are affected 
by the principles here enunciated. The essential 
difference in the condition of wild and domestic 
animals is this, — that among the former, their well- 
being and very existence depend upon the full exer- 
cise and healthy condition of all their senses and 
physical powers, whereas, among the latter, these are 
only partially exercised, and in some cases are abso- 
lutely unused. A wild animal has to search, and 
often to labour, for every mouthful of food — to ex- 
ercise sight, hearing, and smell in seelting it, and 
in avoiding dangers, in procuring shelter from the 
inclemency of the seasons, and in providing for the 
subsistence and safety of its offspring. There is no 
muscle of its body that is not called into daily and 
hourly activity; there is no sense or faculty that is 
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not strengthened bj tontinual e\eiuse Tlie il>mcs 
tic animal, on tie other hand, has f o3 pioMded 
for it, la bheltfired, and often confined, to ^aid it 
agimst the vicissitudes of th^ seis,on=!, is cai='fuHy 
seemed from tlio attacks of its natuial enemies, ind 
seldtm «,\en reais its loung withonfc himnn assist- 
ance Hilf of its senses ind ficulties become quite 
u'^cle^t, anl the other half aie but ocuiaionillv 
called into feeble exercise, while even its muscular 
system is onlj ureguloily liought into action 

Now when a variety of sm-h an animal occurs, 
ha^mg ineiei'.ed piwLi or capacity m -my oig'jn or 
sense, suLh increase is totiJl'^ useless, is ne\oi tilled 
mto action, and may e\en exist without the ainnitl 
ewei becoming aware of it In the ^ild ■inimil, on 
the contnry, all its ficulties and powers being 
brought into full action for the nece'^sities of e'v- 
istence, inj meieito becomes immcdntely aviiKble, 
IS strengthened b> exercise, ind must even slightly 
modify the tood, the habit'!, and the whole economy 
of the race It creates as it were i new m nnl, 
one of supenoi poweis, and which will neces'^anlv 
increase m numbers and outlive those which aie m 
feiicr to it 

Again, in tlie domesticated animal all m mition^ 
ha\e on equal chance of continuance and th .^e 
which would decidedly render a wild animal unable 
to compete with its follows and continue its cMsten e 
are no dls^d^ant^ge wliate'vei m a ^tate of domesti- 
city. Our quickly fattening pigs, short-legged sheep 
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pouter pigeons, and poodle dogs could never have 
come into existence in a state of nature, because 
the very first step towards such inferior forms would 
have led to the rapid extinction of the race; still 
less could they now exist in competition with their 
wild allies. The great speed but slight endurance 
of the race horse, the unwieldly strength of the 
ploughman's team, would both be useless in a state 
of nature. If turned wild on the pampas, such ani- 
mals would probably soon become extinct, or under 
favourable circumstances might each gradually lose 
those extreme qualities wliich would never be called 
into action, and in a few generations revert to a 
common type, which must be that in which the 
various powers and faculties are so proportioned to 
each other as to be best adapted to procure food and 
secure safety, — that in which by the full exercise of 
every part of its organisation the animal can alone 
continue to live. Domestic varieties, when turned 
wild, mmt return to something near the type of 
the original wild stock, or hecoine cdtogetlier eaitinet,^ . 
We see, then, that no inferences as to the per- 
manence of varieties in a state of nature can be 
deduced from the observations of those occurring 
among domestic animals. The two are so much op- 
posed to each other in eveiy circumstance of their 

• That is, they will vary, and the variations whicli tend to 
adapt tbem to the wild state, and therefoi-e approximate them 
tp wild animals, will lie preecj-ved. Those individuals which do 
not vary sufficiently will perish. 
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existence, tliat what applies to the one is almost sure 
not to appiy to the other. Domestic animals are ab- 
normal, irregular, artiiioial ; they are subject to varia- 
tions which never occur and never cau occur in a state 
of nature ; their very existence depends altogether on 
Imman care; so far are many of them removed from 
that jufit proportion of feculties, that true balance of 
organisation, by means of which alone an animal letl 
to its own resources can preserve its existence and 
continue its race. 

Lamarok^s Hypothesis very different from thai now 
advanced. 

The hypothesis of LamaicL — tb\t piogressive changes 
in species hi\e been produt,ed by the attempts of am 
mals to mcrease the development of then o\n or- 
gans, tnd thuft modifj then structuie and habits — his 
Vetn iLpeatedlj in I easilj refuted bj ali ^vrit«r^ on 
the subject of varieties and species and it seems to 
hue been considered that when thi-f wis done the 
whole question his been hii\lly settled but the view 
htie develcped renders such hypothesis quite un- 
ULCGSsary, by showing thit similtr results must be 
^r duced ly the iction of principle'! eonstiotly at 
\>oi\<L in nituie The powerful letrictile talons of 
the filcon- and the cat tnbes have not been produced 
or increased ty the volition ot those animils, but 
imong the difteieiit vmeties which occurred m the 
eiiliei anil loss hi„My oiganizcd forms of the**? 
gionp^, tlu e city, smvii I lonjeat nhch Jul tin' 
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greatest fadlities for sdzing tJidr prey. Neither did 
the giraffe acquire its iong neelc by desiring to reach 
the foliage of the more lofty shrubs, and constantly 
stretching it neek for the purpose, but because any 
vaiieties which occurred among its antitypes with a 
longer neck than usual at once secured a fresh range 
of pasture over the same ground as their shorter-necked 
companions, and on the first scardty of food were 
thereby enabled to outlive them. Even the peculiar 
colours of many animals, more especially of insects, so 
closely resembling the soil or leaves or bark on which 
they habitually reside, are explained on the same 
principle ; for though in the course of ages varieties 
of many tints may have occurred, yet tliose races 
having colours best adapted to concealment from tJieir 
enemies would inevitably eunive the longest. We have 
also here an acting cause to account for that balance 
so often observed in nature, — a deficiency in one set 
of organs always being compensated by an increased 
development of some others — powerful wings accom- 
panying weak feet, or great velocity making up for 
the absence of defensive weapons ; for it has been 
shown that all varieties in which an unbalanced 
deficiency occurred could not long continue their 
existence. The action of this principle is exactly 
like that of the centrifugal' governor of the steam 
engine, which checks and corrects any irregularities 
almost before tliey become evident ; and in like 
manner no unbalanced deficiency in the animal king- 
dom can ever reach any conspicuous magnitude, 
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because it would make itself felt at the very first 
step, by rendering existence difficult and extinction 
almost sure soon to follow. An origin such as is 
here advocated will also agree with the peculiar 
character of the modifications of form and structnre 
which obtain in organized beings — the many lines 
of divergence from a central type, the increasing 
efficiency and power of a particular organ through 
a siicoeasion of allied species, and the remarkable 
persistence of nniraportant parts, such as colour, tex- 
ture of plumage and hiMr, form of horns or crests, 
through a series of species differing considerably 
in more essential characters. It also furnishes us 
with a reason for that "more specialized structure" 
which Professor Owen states to be a characteristic 
of recent compared with extinct forms, and which 
would evidently be the result of the progressive 
modification of any organ applied to a special pur- 
pose in the animal economy. 

Conclusion. 

We believe we have now shown that there is a 
tendency in nature to the continued progression of 
certain classes of vanetiee further and further from 
the original typo — a progression to which there ap- 
pears no reason to assign any definite limits — and 
that the same principle which produces this result 
in a state of natnre will also explain why domestic 
varieties have a tendency, when they become wild, 
to revert to the original type. This progression, 
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by minute steps, in vaiiou? dirpctions, but ilways 
cbecked tnd balanced by the nece^aiy conditions, 
sabjeut to whicb nione 6\i«t«nc6 an be pieseric) 
miy, it la beiie\ed, be followed out so is to ^lee 
with all the jjhEtnomtaa piescntf] by or_,inizLd be 
ing&, their e-^tinct on and succession m j ist it,es, 
ind all the extnoidmaiy mohfiCTtiuna of foim, in- 
stinct and habits which they exhibit 
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SEMBLANCES AMONG ANIMALS. 



There is no more convincing proof of tlie truth of 
a comprehensive theory, than its power of absorbing 
and finding a place for new facts, and its capability 
of interpreting phEenomena which had been previously 
looked upon as unaccountable anomalies. It is thus 
that the law of universal gravitation and the nndu- 
latory theory of light have become established and 
universally accepted by men of science. Fact after 
Jact has been brought forward aa being apparently 
inconsistent with them, and one after another these 
very facts have been shown to be the consequences 
of the laws they were at first supposed to disprove. 
A false theory will never stand this test. Advancing 
knowledge brings to light whole groups of facts 
which it cannot deal with, and its advocates steadily 
decrease in numbers, nohvithstanding the ability 
and scientific skill with which it may have been 
supported. The great name of Edward Forbes did 
not prevent his theory of " Polarity in the distribu- 
tion of Organic beings in Time " from dying a 
natural death ; but the most striking illustration of 
the behaviour of a false theory is to be found in the 
"Circular and Qainarian System" of classification 
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propounded by MaeLoay, and developed by Swainson, 
with an amount of loiowledge and ingennity that 
LavG rarely been surpassed. This theory waa emi- 
nently attractive, both from its symmetry and com- 
pleteness, and from the interesting nature of the 
varied analogies and affinities which it brought to 
light and made use of. The series of Natural His- 
tory volumes in " Lardner's Cabinet Cyclopedia," 
in which Mi Swainson de\e!opei it m most de- 
partments of the animal kingdom, mile ifc widely 
known ; ind m fact foi a long t me th se were 
the best aud almost the only pojulir text b ks for 
the rising genention of nituraliiito It wa favour- 
ably received too by the older school, which was 
perhaps rather an indication of its unsoundness. A 
considerable number of well-known naturalists eidier 
spoke approvingly of it, or advocated similar princi- 
ples, and for a good many years it was decidedly 
in the ascendent. With such a favourable introduc- 
tion, and with snch taJented exponents, it must have 
become established if it had had any germ of tmth 
in it ; yet it quite died out in a few short years, 
its very existence is now a matter of history ; and so 
rapid was its fall that its talented creator, Swainson, 
perhaps lived to be the last man who believed in it. 

Such is the course of a false theory. That of a 
true one is very different, as may be well seen by 
the progress of opinion on the subject of Natm'al 
Selection. In less than eight years "The Origin of 
Species " has producfld conviction in the minds of 
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a majority of tlie most eminent living men of science. 
New facts, new problema, new difficulties as they 
arise are accepted, solved or removed by this theory; 
and its principles are illustrated by the progress and 
conclusions of every well established branch of human 
knowledge. It is the object of the present essay to 
show how it has recently been applied to connect to- 
gether and explain a variety of curious facts which 
had long been considered as inexphcable anomalies. 

Importance of tlie Principle of Utilit>j. 
Perphaps no principle has ever been announced 
so fertile in results as that which Mr. Darwin so 
earnestly impresses upon us, and which is indeed a 
necessary deduction from the theory of Natural Se- 
lection, namely — that none of the definite facts of 
organic nature, no special organ, no characteristic 
form or marking, no peculiarities of instinct or of 
habit, no relations between species or between groups 
of species — can exist, but which must now be or 
once have been useful to the individuals oi' the races 
which possess them. Tliis great principle gives us a 
clue which we can follow out in the study of many 
recondite phainomena, and leads us to seek a mean- 
ing and a purpose of some definite character in 
minutise which we should be otherwise almost sure 
to pass over as insignificant or unimportant. 

Popular Theoiies of Colour in Animals. 
The adaptation of the external colouring of animals 
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to tlioir conditions of life has long been recognised, 
and has been imputed either to an originally created 
specific peculiarity, or to the direct action of climate, 
soil, or food. Where the former explanation has been 
accepted, it has completely checked inquiry, since we 
could never get any farther than the fact of the 
adaptation. There was nothing more to be known 
about the matter. The sneond explanation was soon 
found to be quite inadequate to deal with all the varied 
phases of the phsenomens, and to be contradicted by 
many well-lmown facts. For example, wild rabbits are 
always of grey or brown tints well suited for conceal- 
ment among grass and fern. But when these rabbits 
are domesticated, without any change of climate or 
food, they vary into white or black, and these varie- 
ties may be multiplied to any extent, forming white 
or black races. Exactly the same thing has occurred 
with pigeons; and in the case of rats and mice, 
the white variety has not been shown to be at all 
dependent on alteration of climate, food, or other 
external conditions. In many cases the wings of an 
insect not only assume the exact tint of the bark 
or leaf it is accustomed to rest on, but the form 
and veining of the leaf or the exact rugosity of 
the bark is imitated ; and these detailed modifications 
cannot be reasonably impnted to climato or to food, 
since in many cases the species does not fei=d on 
the substance it resembles, and when it does, no 
reasonable connexion can be shown to exist between 
the supposed cause and the effect produced. It was 
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reserved for the theory of Natural Selection to solve 
ail these problems, and many others which were not 
at first supposed to be directly connected with them. 
To make these latter intelligible, it will be necessary 
to give a sketch of the vs'hole series of phainomena 
which may be classed under the head of useful or 
protective reaemblaucea, 

Importance of Concealment as Inflmnaing Colour. 
Concealment, more or less complete, is useful to 
many animals, and absolutely essential to some. Those 
which have numerous enemies from which they can- 
not escape by rapidity of motion, find safety in con- 
cealment. Those which prey upon others must also 
be so conatitutfid as not to alarm them by their pre- 
sence or their ajiproach, or they would soon die of 
hunger. Now it is remarkable in how many cases 
nature gives this boon to the animal, by colouring it 
with such tints as may best serve to enable it to es- 
cape from its enemies or to entrap its prey. Desert 
animals as a rule are desert-coloured. The lion is 
a typical example of this, and must be almost in- 
visible when crouclied upon the sand or among 
desert rocks and stones. Antelopes are all more or 
leas sandy- coloured. The camel is pre-eminently so. 
Tiie Egyptian cat and the Pampas cat are sandy 
or earth- euloured. The Australian kangaroos are of 
the same tints, and the original colour of the wild 
horse is supposed to have been a sandy or day- 
colour. 
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The desert birds are still more remarkably pro- 
tected by their assimilative htiea. The stoiieehata, the 
larks, the quails, the goatsuckers and the grouse, 
■which abound in the North African and Asiatic 
desertSj are all tinted and mottled so as to resemble 
with wonderful accuracy the average colour and as- 
pect of the soil in the district they inhabit. The 
Eev. H. Tristram, in his account of the ornithology 
of North Africa in the 1st volnme of the " Ibis," 
says : " In the desert, where neither trees, brush- 
wood, nor even undulation of the surface afford the 
slightest protection to its foes, a modificatiou of colour 
which shall be assimilated to that of tiio surround- 
ing country, is absolutely necessary. Hence without 
exertion the upper plumage of everjf bird, whether 
lark, chat, sylvain, or sand-grouse, and also the fur 
of all the s.aaller mamrncds, and the skiu of all tlie 
snakes and lizards, is of one uniform isabelline or 
sand colour." After the testimony of so able an 
observer it is unnecessary to adduce further exam- 
ples of the protective colours of desert animals, 

Almost equally striking are the cases of arctic 
animals possessing the white colour that best con- 
ceals them upon snowiields and icebergs. The polar 
bear is the only bear that is white, and it lives 
constantly among snow and ice. The arctic fox, the 
ermine and the alpine hare change to white in 
winter only, because in summer white would be 
more conspicuous than any other colour, and there- 
fore a danger rather than a protection; but the 
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American polar hare, inhabiting regions of ahiiost 
perpetual snow, is white all the year rouml. Othur 
aDimais inhabiting the same Northern regions do 
not, however, chaaige colour. The sable is a gooil 
example, for throughout the seventy of a Siberian 
winter it retains its rich brown fur. But iti habits 
are sueh that it does not need the protection of 
colour, for it is said to be able to subsist on fruits 
and berries in winter, and to be so active upon the 
trees as to catch small birds among the blanches. 
So also the woodchnck of Canada has a dark-brown 
fur ; but then it lives in burrows and frequents river 
banks, catching fibh and small animals that live in 
or near the water. 

Among birds, the ptarmigan is a fine example of 
protective colouring. Its summer plumage so exactly 
harmonizes with the lichen-colonred stones among 
which it delights to sit, that a. person may walk 
through a flock of them without seeing a single 
bird; while in winter its white plumage is an 
almost equal protection. The snow-bunting, the jer- 
falcon, and the snowy owl are also white- coloured 
birds inhabiting the arctic regions, and there can 
be little doubt but that their colouring is to feorae 
extent protective. 

Nocturnal animals supply us with equally good illus- 
trations. Mice, rat=i, bats, and moles possess the least 
conspicuous of hues, and must be quite invisible at 
times when any light colour would be instantly seen. 
Owls and goatsuckers are of those dark mottled tints 
E 2 
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that -will assimilate with bark and liclien, and thus 
protect them during the day, and at the same time- 
be inconspicuous in the dusk. 

Tfc is only in the tropics, among forests which never 
lose their foliage, that we find whole groups of birds 
whose chief colour ia green. The parrots are the most 
striking example, hut we have also a group of green 
pigeons in the East ; and the barbets, leaf-thrushes, 
bee- eaters, white-eyes, turacoa, and several smaller 
groups, have so much green in their plumage as to 
tsjnd greiitly to conceal them among the fobage. 

Special ModifiGatiom of Colour. 

The conformity of tint whieh has been so fer shown 
to e\ist betweon animals and their habitations is of 
a somewhat general character; we will now consider 
tlie eases of more special adaptation. If the lion is 
enabled by his sandy colour readily to conceal him- 
self by merely crouching down upon the desert, how, 
ifc may bo asted, do the elegant markings of the 
tiger, the jaguar, and the other largo cats agreo 
with this theory ? "We reply that these are generally 
cases of more or less special adaptation. The tiger 
is a jungle animal, and hides himself among tufts 
of grass or of bamboos, and in these positions the 
vertical stripes with which his body is adorned must 
so assimilate with the vertical stems of the bamboo, 
as to assist greatly in concealing him from his ap- 
proaching prey. How remarkable it is that besides 
the lion and tiger, almost all the other large cats 
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are arboreal in tlieir habits, and almost all have 
ocellated or spotted skina, which must certainly tend 
to blend them with the background of foliage ; while 
the one exception, the puma, has an ashy brown 
nnifoi'm fur, and has the habit of clinging so closely 
to a limb of a treo while waiting for his prey to 
pass beneath as to be hardly distinguishable from the 
bark. 

Among birds, the ptarmigan, already mentioned, 
must be considered a remarkable case of special 
adaptation. Another is a South- American goatsucker 
(Caprimulgus rupestris) which rests in the bright 
sunshine on little bare rocky islets in the Upper Rio 
Negro, where its unusually light colours so closely 
resemble those of the rock and sand, that it can 
scarcely bo detected till trodden upon. 

The Duke of Argyll, in his " Eeign of Law," has 
pointed onfc the admirable adaptation of the colours 
of the woodcock to its protection. The various 
browns and yellows and pale ash-colour that occur 
in fallen loaves are all reproduced in its plumage, so 
that when according to its habit it rests upon the 
ground under trees, it is almost impossible to detect 
it. In snipes the colours are modified so as to be 
equally in harmony with tho prevalent forma and 
colours of marshy vegetation. Mr. J. M. Lester, 
in a paper read before the Ungby School Natural 
History Society, observes : — " The wood-dove, when 
perched amongst the branches of its favourite Jir, is 
scarcely discernible ; whereas, were it among some 
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lighter foliage, the hlue and purple tints in its plnmage 
would far sooner betray it. The robin redbreast too, 
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harmloss genera; but almost all of them are of a 
beautiful green colour, aometimes more or less adorned 
with white or dusky bands and spots. There can 
be little doubt that this colour is doubly useful to 
them, since it will tend to conceal them from their 
enemies, and will lead their prey to approach them 
unconscious of danger. Dr. Ghintlier informs me 
that there is only one genus of true arboreal snakes 
(Dipsas) whose colours are rarely green, but are of 
various shades of black, brown, and olive, and these 
are all nocturnal rcptUes, and there can he little doubt 
conceal themselvea during the day in holea, bo that the 
green protective tint would be useless to them, and 
they accordingly retain the more usual reptilian hues. 
Fishes present similar instances. Many flat fish, as 
for ©xamplo the flounder and the skate, are exactly 
the colour of the gravel or sand on which they 
habitually rest. Among the marine flower gardens 
of an Eastern coral reef the fishes present every 
variety of gorgeous colour, while the river fish even 
of the tropics rarely if ever have gay or conspicuous 
markings. A very curious case of this kind of ad- 
aptation occurs in the sea-horses (Hippocampus) of 
Austraha, some of which hear long foliaceous ap- 
pendages resembling seaweed, and are of a brilliant 
red colour ; and they are known to live among sea- 
weed of the same hue, so that when at rest they 
must be quite invisible. There axe now in the aqua- 
rium of the Zoological Society some slender green 
pipe-fish which fasten themselves to any object ut 
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the bottom bj their prehensile tails, and float about 
with the enirent, looking exactly h! e some simple 
ojlndiical alga 

It IS, however, m the mse t i^ rll thit th '^ 
prmcule of the aliptition ot inin jIs to the i en 
vironment is most iuU^ ind atiikingly developed 
In oidei to understand how general this is it is 
necessaiy to enter somewl it mto details, as we ihatl 
thereby be Letter able to appieciato the si^nificanc 
of the still moie remail able phenomena we shall 
presently have to discuss It seema to be m jro 
portion to their sluggish motions or the absence of 
other means tt def net,, th\t ir cets joo ess the jro 
tective (.olour i g In the tr \ ici there are thousands 
of species of ins ota ^\hich reat diimg the lay el ng 
mg to the baik of deid oi t Hen tieet. and the 
greatei poition of these aie delicately m ttled with 
gray an I bio«n tints, «hn,h tho igh symmetneally 
disposed and intinitfly \ iriel, jet blend so completely 
with tie usual coburs of the bark, that at tv\o or 
three feet d stance tley aie qu to undistmguishible 
In sone case= a upecies is known to tiequent oaly 
one '■(eties )f tiee This is the ease with the con 
mon fconth Antiican long horned b etle (Onychoceiut 
Scorpio) -which. Mi Eates informed me, is found 
only on a roighbaikel tree eilled Tapiiiba, on the 
Amazon It is i ery abundant b it so exactly d es 
It iLSenble the baik m colcui and lugo t), and so 
cl sely docs it cli g to the bi nchc'! tl t ni 1 1 it 
moves it is absolutely invisible ! An allied species (0. 



Hn^lcdbyGoOglc 



RESEMBLANCES AMONG ANIMALS. 57 

coHcentricus) is found only at Para, on a distinct 
species of tree, the bark of wliich it resembles with 
equal accuracy. Both these insects are abundant, and 
we may fairly conclude that the protection they derive 
from this strange concealment is at Icist one of the 
cautes that enable the race to flourish. 

Many of the species of Cicindela, or tiger beetle, 
will illustrate this mode of protection. Our common 
Cicindela campestris frequents grassy banks, and is 
of a beautiful green colour, while C. maiitima, whicli 
is found onlj on sandy sea-shores, is of a pale bronzy 
yellow, so as to be almost invisible. A great number 
of the species found by myscK in the Malay islands 
are similarly protected. Tlie beautiful Cicindela glo- 
rio'^a, of a very deep velvety green colour, wa'5 only 
taken upon wet mossy stones in the bed of a moun- 
tain stream, where it was with tho greatest difficulty 
detected. A largo brown species (0. beros) was found 
chiefly on dead leaves in forest paths ; and one which 
was never seen except on the wet mud of salt marshes 
was of a glossy olive so exactly the colour of the mud 
as only to be distinguished when the sun shone, by its 
shadow! Where the sandy beach was coralline and 
nearly white, I found a very pale Cicindela ; wherever 
it was volcanic and black, a dark species of tho same 
genus was sure to be met with. 

There are in the East small beetles of the family 
Buprestidce which generally rast on the midrib of a 
leaf, and tlie naturalist often hesitates before picking 
them off, so closely do they resemble pieces of bird's 
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dung. Kirby and Spenee mention the small beetle 
Onthopliilus suleatue as being like tbe seed of an iim- 
belliferoua plant ; and another small weevil, which is 
much persecuted by predatory beetles of tbe genus 
Harpalus, is of tlie exact colour of loamy soil, and 
was found to be particularly abundant in loam pits. 
Mr. Bates mentions a small beetle (Chlamys pilula) 
which was undistingnisbable by the eye from the 
dnng of caterpillars, while some of the Cassidee, from 
theic hemispherical forma and pearly gold colour, re- 
semble glittering dew-drops upon the leaves. 

A number of our small brown and speckled weevils 
at the approach of any object i"oll off the leaf they 
are sitting on, at the same time drawing in their logs 
and ant«nnse, which fit so perfectly into cayities for 
their reception that the insect becomes a mere oval 
brownish Inmp, which it is hopeless to look for among 
the similarly coloured little stones and earth pellets 
among which it lies motionless. 

The distrihntion of colour in butterflies and moths 
respectively is very instructive from this point of 
view. The former have all their brilliant colouring on 
the upper surface of all four wings, while the under 
surface is almost always soberly coloured, and often 
very dark and obscure. The moths on the contrary 
have generally their chief colour on the hind wings 
only, the upper wings being of dull, sombre, and often 
imitative tints, and these generally conceal the bind 
wings when the insects are in repose. This arrange- 
ment of the colours is therefore eminently protective, 
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becinae the butterfly always rests with his wingy rti'^ed 
so a=! to eonceil the dangerous brilhincy of his upper 
surfice It IS pre bible that if we witched then hibitt 
•iufficibnth we should find the undei =!mfiLe of the 
wmgsoi butteifliei \eiy fiequenfcl) imitative ind pio- 
tet,tive Mr T "W Wood has pointed out that the 
little oringe-tip bnttcifly often re^ta lo the evening on 
the green an! white flmei heads of in umbell terous 
plant, ind that when obsei'vcd in this positicn the beau- 
tiful green and white mottlins; of the unier suifacD 
completely a=!timdatcs with the flower heads and len 
ders the cieaturp veij diffacuit to bo scLn It is pio- 
bable th^t the rich diik colounng of the undei aide of 
our pe'Uioeh, toitoisesholl, and led-ilmiial butteiflits 
answers a simihi purpose 

Two ciiiious South AmeiKan butterflies that always 
settle on the trunlis of trees (Gyneeia dirce and Calli- 
zona aeeata) have the under surface curiously striped 
and mottled, and when viewed obliquely must closely 
a^imilate with the appearance of the farrowed bark 
of many kinds of trees. But the moat wonderful 
and undoubted case of protective resemblance in a 
butterfly which I have ever seen, is that of the 
common Indian Kallima inachis, and its Malayan 
ally, Kallima paralekta. The upper surface of these 
insects is very striking and showyj as they are of 
a lai'ge size, and are adorned with a broad band of 
rich orange on a deep bluish ground. The under 
side is very variable in colour, so that out of fifty 
specimens no two can bo found exactly alike, but 
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every one of tliem will be of some shade of ash or 
brown or ochre, such as are found among dead, dry, 
or decaying leaves. The apex of the iipper wings 
is produced into an acute point, a very common form 
in the leaves of tropical shrnbs and trees, and the 
lower wings are also produced into a short narrow 
taiL Between these two points runs a dark curved 
line exactly reproaonting the midrib of a leaf, and 
from this radiate on each side a few oblique lines, 
which serve to indicate the lateral veins of a leaf. 
These marks are more clearly seen on the outer por- 
tion of tlie base of the wings, and on the inner side 
towards the middle and apes, and it is very curious 
to observe how the usual marginal and transverse 
striaa of the group are here modified and strengthened 
BO as to become adapted for an imitation of the 
venation of a leaf. We come now to a still more 
extraordinary part of the imitation, for we find re- 
presentations of leaves in every stage of decay, 
variously blotched and mildewed and pierced with 
holes, and in many cases irregularly covered with 
powdery black dots gathered into patches and spots, 
so closely resembling the various kinds of minute 
fungi that grow on dead leaves that it is impossible 
to avoid thinking at first sight that the butterflies 
themselves have been attacked by real fungi. 

But this resemblance, close as it is, would bo of little 
use if the habits of the insect did not accord with it. 
If the butterfly sat upon leaves or upon flowers, or 
opened its wings so as to expose the upper surface, or 
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exposed and moved its head and antennas as many 
other butterflies do, its disgviise would be of little 
avail. We might be suro, however, from the analogy 
of many other cases, that the habits of the insect are 
such as stin farther to aid its deceptive garb ; but 
we are not obliged to malie any auch supposition, since 
I myself had the good fortune to observe scores of 
Kallima paralekta, in Sumatra, and to capture many 
of them, and can vouch for the accuracy of the fol- 
lowing details. Those butterflies frequent dry forests 
and fly very swiftly. They were never seen to settle 
on a flowur or a green leaf, but were many times lost 
sight of in a bush or tree of dead leaves. On such oc- 
casions they were generally searched for in vain, for 
while gazing intently at tho very spot where one had 
disappeared, it would often suddenly dart out, and 
again vanish twenty or fifty yards further on. On 
one or two occasions the insect was detected reposing, 
and it could then be seen how completely it assimilates 
itself to the surrounding leaves. It sits on a nearly 
upright twig, the wings fitting closely back to baelv, 
concealing tho antennte and head, which are drawn up 
between their bases. The little tails of the hind wing 
touch the branch, and form a perfect stalk to the leaf, 
which is supported in its place by the claws of the 
middle pair of feet, which are slender and inconspicu- 
ous. The irregular outline of the wings gives exactly 
the perspective effect of a shrivelled leaf. We thus 
have size, colour, form, markings, and habits, all com- 
bining together to produce a disguise which may be 
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said to be absolutely perfect ; and the protection which 
it affords is sufficiently indicated by tho abundance of 
the individuals that posaosa it. 

The Eev. Joseph Greene has called attention to the 
striking harmony between the colonrs of those British 
moths which are on the wing in autumn and winter, 
and the prevailing tints of natnre at those seasons. In 
autumn various shades of yellow and brown prevail, 
and he shows that out of fifty-two species that fly 
at this season, no less than focty-two are of corres- 
ponding coloors. Orgyia antiqna, 0. gonostigma, tho 
genera Xanthia, Gltea, and Enuomos are examples. In 
winter, gray and silvery tints prevail, and the genus 
Chematobia and several species of Hybernia which 
fly during this season ace of corresponding hues. Ho 
doubt if the hahits of moths in a state of nature were 
more closely observed, we should find many cases of 
special protective resemblance. A few such have al- 
ready been noticed, Agriopis aprilina, Acronyeta psi, 
and many other moths which rest during the day on the 
north side of the trnnlis of trees can with diflicnity be 
distinguished from the grey and green lichens that 
cover them. The lappet moth (Gastropacha querci) 
closely resembles both in shape and colour a brown 
dry leaf; and tho well-known buff-tip moth, when at 
rest is like the broken end of a lichen-covered branch. 
There are some of the small moths which exactly re- 
semble the dung of birds dropped on leaves, and on this 
point Mr. A. Sidgwick, in a paper read before the 
llugby School Natnral History Society, gives the 
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following original observation : — " I myself have more 
than once mistaken Cilix compressa, a little white and 
grey moth, for a piece of bird's dung dropped upon a 
leaf, and vice versa the dung for the moth. Bryophila 
Giaiidifera and Poria are the very image of the mortar 
walls on which they rest ; and only this aummerj in 
Switzerland, I amused myself for some time in watch- 
ing a moth, probably Larontia tripunctaria, fluttering 
about quite close to me, and then alighting on a wall of 
the stone of the district which it so exactly matched as 
to be quite invisible a couple of yards off." There are 
probably hosts of these resemblances which have not 
been observed, owing to the difficulty of finding many 
of the species in their btations of natural repose. Ca- 
terpillars are also similarly protected. Many exactly 
resemble in tint tlie leases they feed upon; others are 
like httle brown twigs, and many are so strangely 
marked or humped, that when motionless they can 
hardly be taken to be li\ing creatures at all. Mr. 
Andrew Murray has remarked how closely the larva of 
the peacock moth (Satiirnia pavonia-minor) harmonizes 
in its ground colour with that of the young bnds of 
heather on which it feeds, and that the pink spots with 
which it is decorated correspond with the flowers and 
flower-buds of the same plant. 

The whole order of Orthoptera, grasshoppers, locusts, 
crickets, &c., are protected by their colours harmoniz- 
ing with that of the vegetation or the soil on which 
they hve, and in no other group have we such strik- 
ing examples of special resemblance. Most of the 
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tropica^ MantidEe and LocustidEe are of the exaottint of 
the ieave=! on which they habitually repose, and many 
of thorn in aildition have the veinings of their wings 
modified ao aa exactly to imitate that of a leaf. This 
ia carried to the furtheit possible extent in the wonder- 
fid genua, Phyllium, the " walking leaf," in which not 
only are the wings perfect imitations of leavea in every 
detail, but the thorax and leg_', are flat, dilated, and 
leaf-like ; so that when the living insect is restiag 
among the foliage on which it feeds, the closeat ob- 
aenation i'' often unable to distingnit-h between the 
animal and the vegetable. 

The whole family of the Phasmids?, or apectroa, to 
which this in^sect belongs, ia more or less imitative, and 
a great number of the species are called " walking-stick 
insects," from their singular rcemblance to twigs and 
branches. Some of these are a foot long and aa thick 
as one's finger, and their whole coloiuring, form, rugos- 
ity, and the arrangement of the head, legs, and anten- 
na, are such aa to render them absolutely identical in 
appearance with dead sticks. They hang loosely about 
shrubs in the forest, and havo the extraordinary habit 
of stretching out their legs unsym metrically, so aa to 
render the deception more complete. One of these 
creatures obtained by myself in Borneo (Ceroxylna 
laceratus) was covered over with foliaceous excrescences 
of a clear olive green colour, so aa exactly to resemble a 
stick grown over by a creeping moss or jungennannia. 
The Dyak who brought it me assured me it was grown 
over with moss although alive, and it was only after a 
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most minute examination that I could convince myself 
it was not so. 

We need not adduce any more examples to show 
how important are the details of form and of colouring 
in auimala, and that their very existence may often 
depend upon their being by these means concealed from 
their enemiea. This kind of protection is found appar- 
ently in every class and order, for it has been noticed 
wherever we can obtain sufficient knowledge of the 
details of an animal's life-history. It varies in degree, 
from the mere absence of conspicuous colour or a 
general harmony with the prevailing tints of nature, 
up to such a minute and detailed resemblance to inor- 
ganic or vegetable structures as to realize the talisman 
of the fairy tale, and to give its possessor the power of 
If invisible. 



Theory of Protective Colouring, 
We will now endeavour to show how these wonderful 
resemblances have most probably been brought about. 
Eetnrning to the higher animals, let us consider the 
remarkable faet of the rarity of white colouring in the 
mammalia or birds of the temperate or tropica! zones 
in a state of nature. There is not a single white land- 
bird or quadruped in Europe, except the few arctic or 
alpine species, to which white is a protective colour. 
Yet in many of these creatures there seems to be no 
inherent tendency to avoid white, for directly they are 
domesticated white varieties arise, and appear to thrive 
as well as others. We have vfhite mice and rats, white 
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cat?, lior«G=(, dogs, and cattle, white poultrj-j pigeons, 
turkeys, and ducks, and wtit© rabbits. Some of these 
animals have been dome-^tieated for a long period, 
otliera only for a few centuries ; but in almost eVery 
ease in which an animal has been thoroughly domesti- 
cated, parti-eolourcd and white varieties are produced 
and become permanent. 

It is also well known that animals in a sfcato of nature 
produce white varieties ocoasionally. Blackbirds, star- 
lings, and crows are occasionally seen white, as well as 
elephants, deer, tigers, hares, moles, and many other 
animals; but in no case is a permLinent white race 
produced. Now there are no statistics to show that 
the normal- coloured parents produce white offspring 
oftener under domestication than in a state of nature, 
and we have no right to make such an assumption if 
the facts can be accounted for without it. But if the 
colours of animals do really, in the various instances 
already adduced, serve for their concealment and pre- 
servation, then white or any other conspicuous colour 
must be hurtful, and must in most cases shorten an 
animal's life. A white rabbit wonld be more surely the 
prey of hawk or buzzard, and the white mole, or iield 
mouse, could not long escape from the vigilant owl. 
So, also, any deviation from those tints best adapted 
to conceal a carnivorous animal would render the pur- 
suit of its prey much more difficult, would place it at 
a disadvantage among its fellows, and in a time of 
sKtrcity would probably cause it to starve to death. 
On tlie other hand, if an animal spreads from a 
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temperate mto an arctic distiict, the conditions are 
ehanifeii During a larj^e poitmn of the year, and 
just when tht, stiiige;!? for existence is moat severe, 
white 1=1 the pievailm^ tint of nature, and dark colonic 
Will be the mo^t conspicuous The white varieties wil! 
now hive nn iil^ intake, ihej will escape from their 
enemie'i wr wiU secure food, while their brown com- 
panions will be devouied or will stai-ve; and as "like 
produces lile' is the eatj,bli«hud rule in nature, the 
white rice will become peimanently established, and 
daiL viiitties wht,ii thrj occiaioniUy appear, will soon 
die oat from then wint of ada^ tition to their environ- 
ment. In oich case the iittest will survive, and a race 
wUl be eventually produced adapted to the conditions 
in which it lives. 

We have here an illustration of the simple and effec- 
tual means hj which animals are bronght into harmony 
with the rest of nature. That slight amount of varia- 
bility in every species, wLieh we often look upon as 
something accidental or abnormal, or so insignificant as 
to be hardly worthy of notice, is yet tho foundation of 
all those wonderful and harmonious resemblances which 
play such an important i>art in the economy of natnre. 
Variation is generally very small in amount, bnt it 
is all that is required, because the change in the 
external conditions to which an animal is subject is 
generally very slow and intermittent. When these 
changes have taken place too rapidly, the result has 
often been the extinction of species ; but the general 
rule is, that diinatal and geological ehangra go oi! 
F 2 



Hn^lcdbyGoOglc 



<)8 MIMICRY, AND OTHER FBOTECTIVE 

slowly, and the slight but continual variations in the 
colour, form, and structure of all animals, has fur- 
nialied individuals adapted to these changes, and who 
have become the progenitors of modified races. Rapid 
multiplication, incessant slight variation, and survival 
of the fittest — these ai'e the laws which ever keep the 
organic world in harmony with the inorganic, and 
with itself. These are the laws which we believe have 
produced all the cases of protective resemblance already 
adduced, as well as those still more curious examples 
we have yet to bring before our readers. 

It must always be borne in mind that the more won- 
derful examples, in which there is not only a general 
but a special resemblance — as in the walking leaf, the 
mossy phasma, and the ieaf-winged butterfly — repre- 
sent those few instances in which the process of modi- 
fication has been going on daring an immense series 
of generations. They all occnr in the tropics, where 
the conditions of osistenee are the most favourable, 
and where climatic changes have for long periods 
been hardly perceptibla In most of them favourable 
variations both of coloiir, form, structure, and instinct 
or habit, must have occurred to produce the perfect 
adaptation we now behold. AH these are known to 
vary, and favourable variations when not accompanied 
by others that were unfavourable, would certainly 
survive. At one time a little st«p might be made in 
this direction, at another time in that — a change of 
conditions might sometimes render useless that which 
it had taken ages to produce — great and sudden physi- 
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cal modifications might often produce the extinction 
of a race just as it was approaching perfection, and a 
hundred checks of which we can know nothing may- 
have retarded the progress towards perfect adaptation ; 
so that we can hardly wonder at there being so few 
cases in which a completely successful result has been 
attinned as shown by the abundance and wide diffusion 
of the creatures so protected, 

Oljecdon that Colour, as being danget'ous, sliould not e^eist 
in Nature. 

It is as well here to reply to an objection that will 
uo doubt occur to many readers — that if protection is 
so useful to all animals, and so easily brought about 
by variation and survival of the fittest, there ought 
to be no conspicuously-coloured creatures ; and they 
will perhaps ask how we account for the brilliant 
birds, and paintod snakes, and gorgeous insects, that 
occur abundantly all over the world. It will be advis- 
able to answer this question rather fully, in order that 
we may be prepared to understand the phenomena of 
"mimiciy," wliich it is the special object of this paper 
to illustrate and explain. 

The slightest observation of the life of animals will 
show us, that they escape from their enemies and 
obtain their food in an infinite number of ways ; and 
that their varied habits and instineta are in every case 
adapted to the conditions of their existence. The 
porcupine and the hedgehog have a defensive armour 
that saves them from the attacks of most animals. 
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The tortoise is not injured by the conspicuous colours 
of his shell, because that shell is in most cases an effec- 
tual protection to him The si unks of Noith Ameiica 
find =!afet^ m then jowei of emitting an unbearably 
often'^ive odour, the beiver m its iquatic hibit& and 
soliUy constiULted ibode In some ease? the chief 
dinger to an immil occurs it one particular period of 
its CMatencu, ind if thit is ^11 led agiinst its numbers 
can eisily be muntained Ibis is the case with many 
bii U, the eggs and 3 rang d which ire especially ob- 
noxious to dangfr and ne find aecoidmgly 1 laiiety 
ot curious contrn mces to protect them "We hive 
nests cirefully concealed, hung from the slendei e\tie- 
mitie-. of ^a«s 01 boughs o\ci water, or placed in the 
hollow of a tice witli a verj small oionmg When 
these [recautionsi are snc(.e&sful so mao^ more mdivi- 
dual-* will be reared than can possibly find tood during 
the least favourable seasons, that theie will always be a 
number of weakly and inexpenenced young buds who 
will fall ipiey to the enemies of the race, and thus 
lender necessary for the stronger and hcalthiei indi- 
viduals DO othei safeguard than thtir strength and 
actmty The instincts most {i\ouiableto theiroluc 
tian and rearing of offpring will in thcie eises be 
most important, and the snrvi^ al of the fittest will act 
so as to keep up and alvance thise instincts while 
othei causes which tend to moditj colour md niirkm^, 
may continue their action almost unchecLel 

Itisieihapa in inicets thit Wu may be^t study the 
^anedmtms b\ i^hich animal= aie dofendtd o t n 
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ceaJed, One of the u&<i& of the phosphorescence with 
which many insects are furnished, is probably to 
frighten away their enemies ; for Kirby and Spence 
state that a ground beetle (Carabus) has been observed 
running round and round a luminous centipede as if 
afraid to attack it. An immense number of insects 
have stings, and some stingless ants of the genus Poly- 
rachis are armed with strong and sharp spines on the 
back, which must render them unpalatable to many of 
the smaller insectivorous birds. Many beetles of the 
family OurculionidEC have the wing cases and other es- 
ternal parts so excessively hard, that they cannot bo 
pinned without first drilling a bole to receive the pin, 
and it is probable that all such find a protection in 
this excessive hai^dness. Great numbers of insecte hide 
themselves among the petals of flowers, or in the cracks 
of bark and timber ; and finally, extensive groups and 
even whole orders have a more or less powerful and 
disgusting smell and taste, which tliey either possess 
permanently, or can emit at pleasure. The attitudes of 
some insects may aJso protect them, as the habit of 
turning up the tail by the harmless rove-beetles (Bta- 
phylindidffi) no doubt leads other animals besides chil- 
dren to the belief that they can sting. The curious 
attitude assumed by sphinx caterpillars is probably a 
safeguard, as well as the blood-red tentacles which 
can suddenly be thrown out from the neck, by the 
caterpillars of all the true swallow -tailed butterflies. 

It is among the groups that possess some of these 
varied kinds of protection in a high degree, that we 
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find the greatest amount of conspicnous colour, or at 
least the most complete absence of protective imitation- 
The stinging Hymenoptera, wasps, bees, and hometa, 
are, as a ruie, very showy and brilliant insects, and 
there is not a single instance recorded in which any one 
of them is coloured so as to resemble a vegetable or in- 
animate substance. The Chryaididie, or golden wasps, 
which do not sting, possess as a substitute the power of 
rolling themselves up into a ball, which is almost as 
hard and polished as if really made of metal, — and they 
arc all adorned with the most gorgeous colours. The 
whole order Hemiptera (comprising the bugs) emit a 
powerful odour, and they present a very large propor- 
tion of gay-coloured and conspicuous insects. The 
lady-birds (Ooecinellidsc) and their allies the Eu- 
morphid^, are often brightly spotted, as if to attract 
attention ; bnt they can both emit fluids of a very 
disagreeable nature, they are certainly rejected by 
some birds, and are probably never eaten by any. 

The great family of ground beetles (Oarabidje) 
almost all possess a disagreeable and some a very 
pungent smell, and a few, called bombardier beetles, 
have the peculiar faculty of emitting a jet of very 
volatile liquid, which appears like a puff of amoJie, 
and is accompanied by a distinct crepitating explosion. 
It is probably because these insects are mostly nocturnal 
and predacious that they do not present more vivid hues, 
They are chiefly remarkable for brdhant met.illie tints 
or dull red patches when they are not wholly black, 
.lud are therefore very conspicnoiis by day, when inset t- 
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eaters are kept off by their bad odonr and taste, but 
are sufficiently invisible at night when it is of impor- 
tance that their prey should not become aware of tlieir 
proximity. 

It seems probable that in some cases that which 
would appear at iirst to be a source of danger to its 
possessor may really be a means of protection. Many 
showy and weak-flying butterflies have a very broad 
expajise of wing, as in the brilliant blue Morphos of 
Brazilian forests, and the large Eastern Fapilioa ; yet 
those groups are tolerably plentiful. Now, specimens 
of these butterflies are often captm'ed with pierced and 
broken wings, as if they had been seized by birds from 
whom they had escaped ; but if the wings had been 
much smaller in proportion to the body, it fcccma pro- 
bable that the insect would be more frequently struck 
or pierced in a vital part, and thus the increased ex- 
panse of the wings may bavo been indirectly beneficial. 

In other cases the capacity of increa'^e in a species is 
so great that however many of the perfect insect may 
be destroyed, there is always ample means for the con- 
tinuance of the race. Many of the flesh flies, gnats, 
ants, palm-tree weevils and locusts arc in this cate- 
gory. The whole family of Cetoniad^e or rose chafers, 
so full of gaily-colonred species, are probably saved 
from attack by a combination of characters. They fly 
very rapidly with a zigzag or waving course ; they hide 
themselves the moment they alight, either in the corolla 
of flowers, or in rotten wood, or in cracks and hollows 
of trees, and they are generally encased in a very hard 



Hn^lcdbyGoOglc 



7i MIMICRY, AND OTmR FBOTECTIVE 

and polislied coat of mail which may render them 
tiii=!atisfactory food to such birds as would be able to 
capture them. The causea whieh lead to the develop- 
ment of colour have betii here able to act unchecked, 
and we see the result in a large variety of the moat 
gorgeonsly-coloTired insects. 

Here, then, with our very imperfect knowledge ot 
the life-historj' of animals, we are able to see that 
there are widely varied modes by which they may 
obtain protection from their enemies or concealment 
from their prey. Some of thewe seem to be so com- 
plete and effectual as to answer all the wants of the 
race, and lead to the maintenance of the largest pos- 
sible population. When this is tbe case, we can well 
under'^tand that no further protection derived from a 
modification of colour can be of the slightest use, and 
the most brilliant hues may be developed without any 
prejudicial effect upon the species. On some of the 
laws that determine the development of colour some- 
thing may be said presently. It is now merely neces- 
sary to show that concealmont by obscure or imitative 
tints is only one out of very many ways by which 
animais maintain their esiitence : and having done 
this we are prepared to consider tlie phononieua of 
what has been termed " mimicry." It is to be par- 
ticularly observed, however, that tbe wurd is not here 
used in tbe sense of voluntary imitation, but to imply 
a particular kind of resemblance — a resemblance not in 
internal structure but in external appearance — a resem- 
blance in those parts only that catch tbe eye— a re- 
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semblance that deceives. As this kind of resemblance 
has the same effect as voluntary imitation or mimicry, 
and as we have no word that expresses the required 
meaning, " mimicry " was adopted, by Mr. Bates (who 
was the first to explain the facts), and has led to 
some misunderstanding ; but there need be none, if 
it is remembered that both "mim.icry" and "imita- 
tion" are nsed in a metaphorical sense, as implying 
that close external likeness which causes things mi- 
like iu structure to be mistaken for each other. 

Mim'my. 
It has been long known to entomologists that certain 
insects bear a strange external resemblance to others 
belonging to distinct genera, femilios, or even orders, 
and with which they have no real affinity whatever, 
The fa«t, however, appears to have been generally con- 
sidered as dependent upon some unknown law of " ana- 
logy " — some " system of nature," or " general plan," 
which had guided the Creator in de'iigning the myriads 
of insect forms, and which we could never hope to 
unda stand. In only one case does it appear that the 
■ resemblance was thought to be usoful, and to have been 
as a means to a definite and intelligible 
The flies of the genus Volucella enter the 
nests of hces to deposit their eggs, so that their larvte 
may feed upon the lance of the bees, and these flies 
are each wonderfully like the bee on which it is 
parasitic. Kirby and Spence believed that this resem- 
blance or "mimicry" was for the express purpose of 
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protecting the flies from the attacks of the bees, and 
the connection is so evident thut it was hardly possible 
to avoid this conclusion. The resemblance, however, 
of moths to butterflies or to bees, of beetles to wasps, 
and of locusts to beetles, has been many times noticed 
by eminent writers ; but scarcely ever till within the 
last few years does it appear to have been considered 
that these resemblances had any special pnrpose, or 
were of any direct benefit to the insects themselves. 
In this respect they were looked upon as accidental, 
as instances of the " curious analogies " in nature 
which must be wondered at but which could not be ex- 
plained. Recently, however, these instances have been 
greatly multiphed; tho nature of the resemblances 
has been more carefully studied, and it has been found 
that they are often carried out into such details as 
almost to imply a purpose of deceiving the observer. 
The phenomena, moreover, have been shown to follow 
certain defini'^ laws, which again all indicate their 
dependence on tho more general law of the " survival 
of the fittest," or "the preservation of favoured races 
in the struggle for life." It will, perhaps, be as well 
here to state what these laws or general conclusions 
are, and then to give some account of the facts which 
support them. 

The first law is, that in an overwhelming majority of 
cases of mimicry, the animals (or the groups) which 
resemble each other inhabit the same country, the same 
district, and in most cases are to be found together 
on the very same spot. 
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The second law is, tliafc these resGinlilanees are not 
iadiaeriminate, but are limited to certain groups, which 
in every ease are abundant in species and individuals, 
and can often be ascertained to have some special 
protection. 

The third law is, that the species whieli resemble 
or " mimic " these dominant groups, are comparatively 
less abundant in individuals, and are often very rare. 

These laws will be found to hold good, in all the 
cases of true mimicry among various classes of animals 
to which we have now to call the attention of our 
readers. 

Mimicry among Lepidopt'fra. 
As it is among butterflies that instances of mimicry 
are most numerous and most striking, an account of 
some of the more prominent examples in tliis group will 
first be given. There is in South America an extensive 
family of these insects, the Heliconidte, which are in 
many respects very remarkable. They are so abundant 
and characteristic in all the woody portions of the 
Ailierican tropics, that in almost every locality thoy 
vrill be seen more frequently than any other butterflies. 
They are distinguished by very elongate wings, body, 
and antennae, and are exceedingly beautiful and varied 
in their coloiu's ; spots and patches of yellow, red, or 
pure white upon a black, blue, or brown ground, being 
most general. They frequent the forests chiefly, and all 
fly slowly and weakly; yet although they are so conspi- 
cuous, and could certainly be caught by insectivorous 
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the same species. In the case of the Heliconidse, how- 
ever, we have some direct evidence to the same effect. 
In the Brazilian forests there are great numbers of in- 
sectivorous birds — as jacamars, trogons, and puffbirds 
— which catch insects on the wing, and that they de- 
stroy many butterflies is indicated by the fact that tho 
wings of these insects are often found on the ground 
where their bodies have been devoured. But among 
these there are no wings of Heliconidaa, while those 
of the large showy Nymphalidie, which have a much 
swifter flight, are often met with. Again, a gentleman 
who had recently returned from Brazil stated at a meet- 
ing of the Entomological Society that he once observed 
a pair of puffbirds catching butterflies, which they 
brought to their nest to feed their young ; yet during 
half an hour they never brought one of the Hehconidse, 
which were flying lazily about in great niimbers, and 
which they could have captured more easily than any 
others. It was this circumstance that led Mr. Belt to 
observe them ao long, as he could not understand why 
the most common insects should be altogether passed 
by. Mr. Bates also tells us that he never saw them 
molested by Hzards or predacious flies, which often 
pounce on other butterflies. 

If, therefore, we accept it aa highly probable (if not 
proved) that the Heliconidaa are very greatly protected 
from attack by their peculiar odour and taste, we find it 
much more easy to understand their chief characteristics 
— their great abundance, their slow flight, their gaudy 
colours, and the entire absence of protective tints on 
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tlieir under surfaces. This property places them some- 
what in the position of those curious wingless birds of 
oceanic islands, the dodo, the apteryx, and the moas, 
which are with great reason supposed to have lost the 
power of flight on account of the absence of carnivorous 
quadrupeds. Our butterflies have been protected iu a 
different way, but quite as effectually ; and tlie result 
has been that as there has been nothing to escape from, 
there has been no weeding out of slow flyers, and as 
there has been nothing to hide from, there has been no 
extermination of the bright-coloured varieties, and no 
preservation of such as tended to assimilate witli sur- 
rounding objects. 

Kow let us consider how this kind of protection must 
act. Tropical insectivorous birds very frequently sit on 
dead branches of a lofty tree, or on those which overhang 
forest paths, gazing intently around, and darting off at 
intervals to seize an insect at a considerable distance, 
which they generally return to their station to devour. 
If a bird began by capturing the slow-flying, conspicuous 
Heliconidte, and found them always so disagreeable that 
it could not eat them, it woidd after a very few trials 
leave off catching them at all ; and their whole appear- 
ance, form coIo ng and mode of flight is so peculiar, 
that the e n be 1 ttle doubt birds would soon learn to 
distingu 1 tl em at a long distance, and never waste 
anytime nju mt of them. Under these circumstances, 
it is evident that any other butterfly of a group which 
birds were aecustomcd to devour, would be almost 
equally well protected by closely resembling a Heliconia 
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externally, as if it acquired also the disagreeable odour ; 
always supposing that there were only a few of them 
among a greut number of the Heliconias. If the birds 
could not distinguish tbe two kinds estemally, and 
there were on tho average only one eatable among 
fifty uneatable, they would soon give up seeking for 
the eatable ones, even if they knew them to exist. If, 
on the other hand, any particular butterfly of an eatable 
group acquired the disagreeable taste of the Heliconias 
while it retained the cliaracteristic form and colouring 
of its own group, this wonld be really of no use to it 
whatever ; for the birds would go on catching it among 
its eatable allies (compared with which it would rarely 
occur), it would be wounded and disabled, even if re- 
jected, and its increase would thus be as effectually 
cheeked as if it were devoured. It is important, there- 
fore, to understand that if any one genus of an extensive 
family of eatable butterflies were in danger of extermi- 
nation from insect-eating birds, and if two kinds of 
variation were going on among them, some individuals 
possessing a slightly disagreeable taste, others a slight 
resemblance to the Heliconidse, this latter quality would 
be much more valuable than the former. The change 
in flavour would not at all prevent the variety from 
being captured as before, and it would almost certainly 
be thoroughly disabled before being rejected. The ap- 
proach in colour and form to the HeliconidEe, however, 
would be at the very first a positive, though perhaps a 
slight advantage; for although at short distances this 
variety would be easily distinguished and devoured, yet 
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■it almgpi diatance it might lie mistaken for one of tlie 
imcitablo ^rovip, and so be passed by and gain another 
dij s life, wliich might in many cases be Bufficient 
foi it to l^^^ a quantity of eggs and leave a numerous 
progeny, many of which would inherit the peculiarity 
which had been the safeguard of their parent. 

Now, this hypothetical ease is exactly realized in 
South America. Among the white butterflies forming 
the family Pieridse (many of which do not greatly 
differ in appearance from our own cabbage butterflies) 
is a genus of rather small size (Leptalis), some species 
of which are white like their alhes, while the larger 
number exactly resemble the Helieonidte in the form 
and colouring of the wings. It must always be re- 
membared that these two families are as absolutely dis- 
tinguished from each other by structural charaeterB as 
are the earnivora and the ruminants among quadrupeds, 
and that an entomologist can always distinguish the one 
from the other by the structure of the feet, just as 
certainly as a zoologist can tell a bear from a buffalo 
by the skull or by a tooth. Yet the resemblance of a 
species of the one family to another species in the other 
ftimily was often bo great, that both Mr, Bates and my- 
self were many times deceived at the time of capture, 
and did not discover the distinctness of the two insects 
till a closer examination detected their essential differ- 
ences. During his residence of eleven years in the 
Amazon valley, Mr. Bates found a number of species 
or varieties of Leptalis, each of which was a more or 
less exact copy of one of the HeHconida) of the district 
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it inhabited ; and the results of his observations aro 
embodied in a paper published in the Linnean Traus- 
aetions, in which he first explained the phenomena of 
"mimicry" as the result of natural selection, and 
showed its identity in cause and purpose with protec- 
tive resemblance to vegetable or inorganic forms. 

The imitation of the Helieonidce by the Leptalidea 
is C3,rried out to a wonderful degree in form as well as 
in colouring. The wings have become elongated to the 
same extent, and the antennas and abdomen have both 
become lengthened, to eorrespond with the unusual 
condition in which they exist in the former family. 
In colouration there are several types in the different 
genera of Heliconidaa. The genus Mechanitis is gene- 
rally of a rich semi-transparent brown, banded with 
black and yellow ; Methona is of large size, the wings 
transparent like hom, and with black transverse bands ; 
while the delicate Ithomias are all more or leas trans- 
parent, with black veins and borders, and often with 
marginal and transverse bands of orange red. Tlie^e 
different forms are all copied by the various species 
of Leptalis, every band and spot and tint of colour, 
and the various degrees of transparency, being exactly 
reproduced. As if to derive all the benefit possible 
from tliis protective mimicry, the habits have become 
so modified that the Leptalidea generally frequent the 
very same spots as their models, and liave the same 
mode of flight ; and as thoy are always very scarce 
(Mr. Bates estimating their numbers at about one to a 
thousand of the group they resemble), there is hardly a 
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possibility of their being fojmd out by thoir enemies. 
It is also very remarkable that in almost every case the 
particular Ithomias and other species of HeliconidK! 
vvhich they resemble, are noted as being very common 
species, swarming in individuals, and found over a 
wide range of country. This indicates antiquity aiid 
permanence in the species, and is esaotly the condition 
most essential both to aid in the development of the 
resemblance, and to increase its utility. 

But the Leptalides are not the only insects who have 
prolonged their existence by imitating the great pro- 
tected group of Heliconidaa ; — a genus of quite another 
family of most lovely small Ameiicaii butterflies, the 
Erycinidse, and three genera of diurnal moths, also 
present species which often mimic the same dominant 
forms, so that some, as Ifchomia ilerdina of St. Paulo, 
for instance, have flying with tliem a few individuais 
of three widely different insects, which are yet dis- 
guised with exactly the same form, colour, and mark- 
ings, so as to be quite undistinguishable when upon the 
wing. Again, the Heliconidte arc not the only group 
that are imitated, although they are the most frequent 
models. The black and red group of South American 
Papilios, and the handsome Erycinian genus Stalaehtis, 
have also a few who copy them ; but this fact offers no 
difficulty, since these two groups are almost as domi- 
nant as the Helieonid.^. They both fly very slowly, 
they are both conspicuously coloured, and they both 
abound in individuals ; so that there is every reason to 
believe that they possess a protection of a similar kind 
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to tlie Helioonidffl, and that it is therefore equally an 
advantage to other insects to be mistaken for them. 
There is also another extraordinary fact that we are 
not yet in a position clearly to comprehend : some 
groups of the Heliconidas themselves mimic other 
gi'oups. Species of Heliconia mimic Meehanitis, and 
every species of Napeogenes mimics somo other Heli- 
conideouB butterfly. This would seem to indicate that 
the distasteful secretion is not produced alUtc by ail 
members of the family, and that where it is deficient 
protective imitation comea into play. It is this, per- 
haps, that has caused such a general resemblance 
among the HeliconidEe, such a uniformity of type with 
great diversity of colouring, since any aberration 
causing an insect to cease to look like one of the family 
would inevitabiy lead to its being attacked, woanded, 
and exterminated, even although it was not eatable. 
In other parts of the world an exactly parallel series 
of facts have been observed. The Danaidaa and the 
Aerfeidffi of the Old World tropics form in fact one 
great group with the HeliconidEe. They have the same 
general form, structure, and habits : they possess the 
same protective odour, and are equally abundant in 
individuals, althougli not so varied in colour, blue and 
white spots on a black ground being the most general 
pattern. The insects which mimic these are chiefly 
Papilios, and Diadema, a genus allied to our peacock 
and tortoiseshell butterfliea. In tropical Africa there is 
a peculiar group of the genus Dauais, characterized 
by dark-brown and bluish-white colours; arranged in 
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ban^s or stripes. One of these, Danais niavius, Is 
exactly imitated both by Papilio hippocoon and by 
Diadema anthedon ; another, Danais echeria, by Pa- 
pilio eenea; and in Natai a variety of the Danais is 
found having a whito spot at the tip of wings, accom- 
panied by a variety of the Papilio bearing a corre- 
sponding wliite spot. Aeraaa gea is copied in its very 
peculiar style of colouration by the female of Papilio 
cynorta, by Panopasa hirce, and by the female of Elym- 
nias phegea. Acrjea euryta of Calabar has a female 
variety of Panopea hiroe from the same place which 
exactly copies it ; and Mr. Trimen, in his paper on 
Mimetic Analogies among African Butterflies, published 
in the Transactions of the Linnjean Society for 1868, 
gives a list of no less than sixteen species and varieties 
of Diadema and its allies, and ten of Papilio, which in 
their eolonr and markings are perfect mimics of species 
or varieties of Danais or AcKea which inhabit the same 
districts. 

Passing on to India, we have Danais tytia, a butter- 
fly with semi-transparent bluish wings and a border of 
rich reddish brown. This remarkable style of colour- 
ing is exactly reproduced in Papilio agestor and in , 
Diadema nama, and all three insects not unfrequently 
come together in collections made at Darjeeling. In 
the Philippine Islands the large and curious Idea 
leuconoe with its semi-transparent white wings, veined 
and spotted with black, is copied by the rare Papilio 
idasoides from the same islands. 

In the Malay archipelago the very common and 
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beautiful Euplsea midamus is so exactly mimicked by 
two rare Papilios (P. paradoxa and P. senigma) that I 
generally caught them under tlio impression that they 
were the more common species ; and the equally com- 
mon and even more heantiful Enplsea rhadamanthus, 
with its pure white bands and spots on a gromid of 
glossy bine and black, is reproduced in the Papilio 
caunus. Here also there are species of Diadema imi- 
tating the same group in two or three instances ; but 
we shall have to adduce these farther on in connexion 
with another branch of the subject. 

It haa been already mentioned that in South America 
there is a group of Papilios which have all the char- 
ictcriitics of T, protLcted lace, ^Jid who'ie peculiar 
(.olouis and miikmgs are imitated by othpr buttcifliea 
not so piotected There is just such a gunp alio in 
the East, h^vlng ^eiy similii colour', anl the same 
hibits, and these ilso are mimicked by other sferies 
m tho sime gtnui not closeh allied to them, 10 1 ilso 
h> a few of other families Pipilio hector, \ c mm in 
Indnn huttoiflj of a rich black colour spotted with 
tnmion, is so closelj copied by Papilio romulus, that 
the litter insect has been thought t) he its female A 
clo'io cximmation shows, however, thit it is essentially 
diffeientj and belong'* to anothei section of tlie genus 
Iipilio antiphits and P diphilu?, blicl swilbw tailed 
butterflies with creim- olour^d spjts lie so well imi- 
tated by viiieties ot P theseus, tha,t seveial wnters 
h«6 ch ed thfni a* the sime species Pajdnhns, 
t nl iih in the 1 1 nl <t Tim 1, is iccompin 1 
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there by P. Eeuomaus, the female of which so exactly 
resembles it that they can hai'dly be sepai-atecl in the 
cabinet, and on the wing are quite uiidistinguishable. 
But one of the most curious cases is the fine yellow- 
spotted Papilio coon, which is nnmistaheably imitated 
by the female tailed fonn of Papilio memnon. These 
are both from Sumatra ; but in North India P. coon 
is replaced by another species, which has been named 
P. doubledayi, having red spots instead of yellow ; 
and in the same disti-iet the corresponding female 
tailed form of Papiiio androgens, sometimes considered 
a variety of P. memnon, is similarly red-spotted, Mr. 
Westwood has described some carious day-ilying moths 
(Epicopeia) from North India, which have the form 
and colour of Papilios of this section, and two of these 
are very good imitations of Papilio polydorus and 
Papilio vanma, also from North India, 

Almost all those cases of mimicry are from the 
tropics, where the forms of life are more abundant, 
and where insect development especially is of unchecked 
luxuriance ; but there are also one or two instances in 
temperate regions. In North America, the large and 
handsome red and black butterfly Danais erippus is 
very common ; and the same country is inhabited by 
Limenitis arehippus, which closely resembles the 
Danais, while it differs entirely from every species of 
its own genus, 

The only ease of probable mimicry in our oivii coun- 
try is the following :— A very common white moth 
(Spilosoma menthastri) was found by Mr. Staintoa 
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to be rejected by young turkeys among hundreils of 
other moths on which they greedily fed. Each bird in 
succession took hold of this moth and threw it down 
again, as if too nasty to eat. ]\Ir. Jenner Weir also 
found that this moth was refused by the Bullfinch, 
Ohaliineh, Yellow Hammer, and Red Bunting, hut 
eaten after much hesitation by the Eobin. We may 
therefore fairly conclude that tliis sjjecies would he dis- 
agreeable to many other birds, and would thus have an 
immunity from att«fk, which may be the cauhe of its 
great abundance and of its conspicuous white colour. 
Now it is a curious thing that there is another moth, 
Diaphora mendica, which ajujears about the same time, 
and whose female only is white. It is about the same 
size as Spilosoma menthastri, and suificiently resembles 
it in the dusk, and this moth is much less common. It 
seems very probable, therefore, that these species stand 
in the same relation to each other as the mimicking 
butterflies of various families do to the Heliconidjei and 
Danaid>"e, It would be very interesting to experiment 
on all white moths, to ascertain if those which are 
most common are generally rejected by birds. It may 
be anticipated that they would be so, because white 
is the most consjiieuous of all colours for nocturnal in- 
sects, and had they not some other proteution would 
certainly be very injm'ious to them. 

LepidoptcTa mimicMmj other Insfeta. 
In the preceding cases we have found Lepidoptera 
imitating other spcciea of the same order, and such 
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species only as we have good reason to believe were free 
from the attacks of many insectivovoES creatures ; but 
there are other instances in which they altogether lose 
the external appearance of the order to which they be- 
long, and take on the dress of bees or wasps — insects 
which have an undeniable protection in their stings. 
The Sesiidte and ^gcriidai, two femilies of day-flying 
moths, are particularly remarkable in this respect, and 
a mere Inspection of the names given to the various 
species shows bow the resemblance has struck every- 
one. We have apiformis, vespiforme, icbneumoni- 
forme, scolijeforme, sphegiforme (bee-like, wasp-like, 
ichneumon -like, &c.) and many others, all indicating a 
rcbemblance to stinging Hymenoptera. In Britain we 
may particularly notice Sesia bombiliformis, which very 
closely resembles the male of the largo and common 
humble bee, Bombus hortorum ; Sphecia craboni- 
forme, whifh is coloured like a hornet, and is {on 
the authoritj' of Mr. Jenner Weir) much more like it 
when alive than when in the cabinet, from the way in 
which it carries its wings ; and the currant clear-wing, 
Trochilium tipuliformo, which resembles a small black 
wasp (Odyiierus sinuatu=i) very abundant in gardens at 
the same season. It has been so much the practice to 
look upon thcso resemblances as mere curious analogies 
playing no part in the economy of nature, that we have 
scarcely any observations of the habits and appearance 
when alive of the hundreds, of species of these groups 
in various parts of the world, or how fur they are ac- 
companied by Hymenoptera, which they specifically 
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resemble. There are many species in India (like those 
figured by Professor Westwood in hia " Oriental Ento- 
molo^ ") which have the hind legs very bro'td and 
leu ely hairy, so as esactly t> unitate the brush ieg§ed 
I es (SldjuUp des) which abound in the stme countiy. 
In this case we hive more thin meie resemblance of 
colour for that which is in imfortint fnTH,t nd fitnic- 
tuie n tie m ^i up i i iitated n inotUi wh se 
hihti rei del it peiL tly usele s 

Mtmtr/'t/ amo q Be ties 

It mil fiirly be expected that if tl t, e m f t o of 
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m t f th th 1 f n t The Coleop- 
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ti t b I I na d t.ble by small 

insectivorous animals ; some have a disgusting taste 

(analogous to that of the HeliconidEe) ; others have 

such a hard and stony covering that they cannot bo 

crushed or digested ; while a third sot are very active, 
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and armed with powerful jaws, as well as having some 
disagreeable secretion. Some species of EumorphidEB 
and Hispidee, small flab or hemispherical beetles which 
are exceedingly abmidant, and have a disagreeable se- 
cretion, are imitated by others of the very distinct 
group of Longicomes (of which our common mnak- 
beetle may be taken as an example). The extraordi- 
nary little Oyelopeplus batesii, belongs to the same 
sub-family of this group as the Onychocerus scorpio 
and 0. concentricus, which have already been adduced 
as imitating with such wonderful accuracy tho bark 
of the trees they habitually frequent ; but it differs 
totally in outward appearance from every one of its 
allies, having taken upon itself tho exact shape and 
colouring of a globular Corynomalus, a little stinking 
beetle with clubbed antennae. It is curious to see how 
those clubbed antennse are imitated by an insect be- 
longing to a group with long slender antemiEe, The 
sub-family AnisocerinEe, to which Cyclopeplus belongs, 
is characterised by all its members possessing a little 
knob or dilatation about the middle of the antennse. 
This knob is considerably enlarged in C. batesii, and 
the terminal portion of the antenna beyond it is so 
small and slender as to be scarcely visible, and thus an 
excellent substitute is obtained for the short clubbed 
antennae of the Corynomalus. Erythroplatis corallifer 
is another curious broad flat beetle, that no one would 
take for a Longicorn, since it almost exactly resembles 
Cephalodonta spinipes, one of the commonest of the 
South American Hispidse ; and wliat is still more 
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remarltable, another Longicom of a distinct gronp, 
Streptokbis hispoides, was found by Mr. Bates, which 
resembles the same insect with eqnal minuteness, — a 
ease exactly parallel to that among butterflies, where 
species of two or three distinct groups mimiclied the 
sarae Helieonia. Many of the soft -winged boetloa 
( Malacodenns ) are excessively abundant in indivi- 
duals, and it is probablo that they have some similar 
protection, more especially as other species often strik- 
ingly resemble them. A Longicom beetle, Pfeeilo- 
derma terminale, found in Jamaica, is coloured exactly 
in the same way as a Lycus (one of tho Malacoderms) 
from the same island. Eroschema poweri, a Longicorn 
from Australia, might certainly be taken for one of 
the same group, and several species from the Malay 
Islands are eqnaDy deceptive. In the Island of Celebes 
I found one of this group, having the whole body and 
elytra of a rich deep blue colour, with the head only 
orange ; and in company with it an insect of a totally 
different family (Euenemida3) with identically the same 
colouration, and of so nearly the same size and form 
as to completely puzzle the collector on every fresh 
occasion of capturing them. I have been recently in- 
formed by Mr. Jenner Weir, who keeps a variety of 
small birds, that none of them will touch our com- 
mon " soldiers and sailors " (species of Malacoderms), 
thus confirming my belief that they were a protected 
group, founded on the feet of their being at once very 
abundant, of conspicuous colours, and the objects ot 
mimicry. 
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Thuro aro a number of the larger tropical weevils 
wLieh have the elytra and the whole covering of the 
body so hard as to be a great annoyance to the entomo- 
logist, because in attempting to ti'ansfix them the points 
of his pins are constantly turned. I have found it ne- 
cessary in these cases to drill a hole very carefully with 
tha point of a sharp penknife before attempting to insert 
a pin. Many of the fine long-antennsed Aiithribida (an 
allied group) have to be treated in the same way. We 
can easily understand that after small birds have in vain 
attempted to eat these insects, they should get to know 
them by sight, and ever after leave them alone, and it 
will then be an advantage for other insects which are 
comparatively soft and eatable, to be mistaken for them. 
We need not be surprised, therefore, to find that there 
are many Longicorns which strikingly resemble the 
" hard beetles " of their own district. In South Brazil, 
Acanthotritus dorsalis is strikingly like a Curculio of the 
hard genus Heilipius, and Mr. Bates assures me that he 
found Gymnocerus cratosoraoides (a Longicorn) on the 
same tree with a hard Cratosomus (a weevil), whieh it 
exactly mimics. Again, the pretty Longicorn, Phacel- 
locera batesii, mimics one of the hard AnthribidiB of the 
genus Ptychoderea, having long slender antennse.' In 
the Moluccas we find Cacia anthriboides, a small Longi- 
corn which might be easily mistaken for a very common 
species of Anthribidse found in the same districts ; and 
the very rare Capnolymma stygium closely imitates the 
common Mecocerus gazella, which abounded wheie it 
was taken. Dollops curculionoides and other allied 
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Loiigicoriis from the Philippine Islands most ciirionslj 
resemble, both in form and colouring, the brilliant 
Pachyrhynchi, — Cureiiliouidfe, which are almost pecu- 
liar to that group of islands. The remaining family of 
Colooptera most frequently imitated is the CiciudelidEe. 
The rare and enrious Longiconi, Collyrodes lacordairei, 
has exactly the form aud colouring of the gonna Collyris, 
while an undescribed species of Heteromera is exactly 
like a Therates, and was taken running on the trunbs 
of trees, as is the habit of that group. There is one 
curious example of a Longicorn mimicking a Longieorn, 
like the Papilios and Heliconidse which mimic their 
own allies. Agnia fasciata, belonging to the sub-famiiy 
HypselominK, and Nemophas grayi, belonging to the 
Lamiinffi, were taken in Amboyna on the same fallen 
tree at the same time, and wore supposed to be the same 
species till they were more carefnliy examined, and 
found to be structurally quite different. The colouring 
of these insects is very remarkable, being rich steel-blue 
black, crossed by broad hairy bands of orange buff, and 
out of the many thousands of Iniown species of Longi- 
■ orns they are probably the only two which are ao 
coloured. The Nemophas grayi is the larger, stronger, 
and better armed insect, and belongs to a more widely 
spread and dominant group, very rich in species and 
individuals, and is therefore most probably the subject 
of mimicry by the other species. 

Seclles mimicking other Insects. 
We will now adduce a few cases in wliich beetles 
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imitate other insects, and insects of other orders imi- 
tate beetles. 

Charis melipona, a South American Longicom of 
the family Necydaiidte, has been ao named from its 
resemblance to a small bee of the genus Melipona. 
It is one of the most remarkable cti^es of mimicry, 
since the beetle iias the thorax and body densely hairy 
like the bee, and the legs are tufted in a manner most 
unusual in the order Coleoptera, Another Longicom, 
Odontoccra odyneroides, has the abdomen banded with 
yellow, and constricted at the base, and is altogether 
so exactly like a small common wasp of the genus Ody- 
nerus, that Mr. Bates informs na he was afraid to take it 
ont of his net with his fingers for fear of being stung. 
Had Mr, Bates's taste for insects been less omnivorous 
than it was, the beetle's disguise might have saved it 
from his pin, as it had no doubt often done from the 
beak of hungiy birds. A larger insect, Sphecomorpha 
chalybea, is exactly like one of the large metallic bine 
wasps, and like them has the abdomen connected with 
the thorax by a pedicel, rendering the deception most 
complete and striking. Many Eastern species of Lon- 
gicoms of the genus Oherea, when on the wing ex- 
actly resemble Tenthredinid^, and many of the small 
species of Hesthesis run about on timber, and cannot 
be distinguished fi'om ants. There is one genus of 
South American Longicorns that appears to mimic 
the shielded bugs of the genus Scutellera. The G-ym- 
nocerous capucinus is one of these, and is very 
like Paeliyotris fabricii, one of the Scuteileridai. The 
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liPiutiful GjmnocLrmis dulrissimua is liso very like 
the same t,roup of insect' thongh thoio 19 no known 
s[ eeies that exactly correiponck to it bat this i^ not 
to be wondpicd at is the tropical Hemiptera hivo 
been compiratively 'io little cared for by eollectois. 

Insects r tmiAXinj '^'pt tes of oth r OiJ is 
The most leinaikable cise ot an mi^ect of another 
oidoi mimickmi:; i beetle is thit of the Cjndjlodeii 
tucondjloides, one of the cncl et fi nily fidm the Phi- 
lippine Islands, which is so e'^actlj like i Tiicondyla 
(me of the ti^er beetles) that such an experienced 
entomologist as Ppofessoi Westwood placed it among 
them in his cabintt ind ret infd it there a long time 
betore he d sco\ led his miatike ' Both insects run 
alon^ the tiunks of tiees and wheicas Tiicondilis ire 
■very plentiful, the insect thit miraii.3 it ii as m ill 
othei cose-i, ■veiy rire Mi Bites also informs ns thai 
he found at Santar m on the Amizon, a species of 
locust whi^h miinn,ked one of tin, tij^er beetle'^ ot the 
Senus Odonttcleila ind wis found on the same tree& 
whiLh thev fiei^utnted 

Therri are a considpiable number of Diptera, or two- 
wmj^d flics, that dosdj lesemble wasps and bee&, 
and no doubt derne much benetit from the whole 
some dread whn.h fhoae insects excite The Midas 
dives and >ther spec es ot latge Broailian flies, ha^e 
dark wmp,s and metallic blue elongate bodies, resem- 
bling the Kige stinging Spliegid'e of the same coun- 
try and a ^cry hi^e fly of the ^cnus A^ilus has 
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blacL-banded Wings and the ablimpn tipped with rich 
or'inge, bo as e">>act]y to resemble the fine bee Euglossa 
dmiditt'j, anl both ate found in the s-ime parts of 
Siuth Ameiici We ha\e also m our own country spe- 
cicb Lf Bombyliua which aie almost esactlylike bees. 
In thcsL CI p^ the end ^i i ed by the mimicry is no 
doubt freidom ftom ittack, but it bis sometimes an 
altogether diffeient purpose There are i number of 
piitsitic flies whose larvc feed upon the hrvte of bees, 
such a** the British ^enus Volucella and many of 
the tro}iLTl Bomb>bi, md most of these are exactly 
like the pirtiLuUr speues of bee they piey upon, so 
that the} cm enter then nests uu" isj ected to deposit 
their eggs Thei are also bees that niimic bees. The 
cuckoo bees of the genus Ncmada are paiisitie on the 
Andrenid«, and they lesemblo tither wasps or species 
of Andreni and the parasitic humble bees of the genus 
A^athns ilmost e'voctly rtsemblo tho sjclils of humble- 
bets m ^\ hose nests thtj are reared Mr Bates informs 
us that he iounl numbeis of these " cuckoo" bees and 
flies on the Amazon, which ill woio the livery of 
woi king bees peculiii tj the same country. 

Theie is a ^enus ot small spideis m the tropics which 
feed on antb, and they aie exactly like dJits themselves, 
which no doubt gives them more opportunity of seizing 
their prey; and Mr. Bates fonnd on the Amazon a 
species of Mantis which exactly resembled the white 
ante which it fed upon, as well as several species of 
crickets (Scaphura), which resembled in a wonderful 
maimer different sand-wLiaps of large size, wliich are 
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lOHhtantly on the search for crickets with which to 
piMvisiyn their nests. 

Perhaps the most wonderful case of all is the large 
catei-pillar mentioneil by Mr. Bates, which startled Lim 
by its close resemblance to a smtJl snake. The first 
three segments behind the head were dilatable at the 
w ill of the insect, and had on each side a large black 
pupillated spot, which i-esembled the eye of the reptile, 
Moroovor, it resembled a poisonous viper, not a harm- 
less species of snake, as was proved by the imitation of 
keeled scales on the CTOwn produced by the recumbent 
feet, as the caterpillar threw itself backward I 

The attitudes of many of the tropical epideri are 
most extraordinary and deceptive, but little attention 
has been paid to them. They often mimic other in- 
sects, and some, Mr, Bates assnres us, are exactly like 
flower bads, and take their station in the axils of leaves, 
where they remain motionless waiting for tlicir prey. 

Canes of Mimicry aftiowj tlie Verfebrnta. 
Having tlius shown how varied and extraordinary 
are the modes in which mimicry occurs among insects, 
we have now to enq^uire if anytiiing of the same kind 
is to be observed among vectebrated animals. When 
we consider all the conditions necessary to pi-oduce a 
good deceptive imitation, we shall see at onco that such 
can very rarely occur in the bighei- animals, since thoy 
possess none of those facilities for the almost iniinito 
modifications of external form which exist in the very 
nature of insect organization. The outer covering of 
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insects teing more or less solid and horny, they are 
capable of almost any amount of change of form 
and appearance without any essential modification 
internally. In many groups the wings give much of 
the character, and these organs may he much modified 
both in form and colour without interfering with their 
special functions. Again, the number of species of 
insects is ho gfeat, and there is such diversity of form 
and proportion in every group, that the chances of an 
accidental approximation in size, form, and colour, of 
one insect to another of a different group, are very 
considerable ; and it is these chance approximations 
that furnish the basis of mimicry, to be continually 
advanced and perfected by the survival of those 
varieties only which tend in the riglit direction. 

In tlie Vertebrata, on the contrary, the skeleton 
being internal the external form depends almost en- 
tirely on the proportions sad arrangement of that 
si eleton, which agam is sti letly adapted to the func- 
tions neccisiry for the well being of the ■mimal The 
foim cannot theiefore be i ipidly modified by \ ii lation, 
•md the thm and flcMble integument will not idmit 
of the development of such stringp piotuberances as 
occur continually in insects The numbci ot ipecies of 
each gioup in the same country la alto comparitivelv 
small, and thus the chances of thit fii'*t j,ccidental 
lesemblance which is necessary for natural selection 
to woik upon are much diminished We cin liardly 
see the pnstibihty of i mimicry h^ which the elk could 
o•>^'^pe frrm the w V, ti the 1 iilfil) fiom tlio ti^ti 
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There is, however, in one group of Vertebrata such a 
general similarity o£ form, that a very slight modi- 
fication, if accompanied by identity of colour, woidd 
produce the necessary amount of resemblance; and 
si the same time there exiat a number of species which 
it would be advantageous for others to resemble, since 
they are armed with the most fatal weapons of offence. 
We accordingly find that reptiles furnish ns with a 
very remarkable and instructive case of tme miniicry. 

Mimiary anwng Snalces. 
Thei-e are in tropical America a number of venomous 
snakes of the genus Elaps, which are ornamented with 
brilliant colours disposed in a peculiar manner. The 
ground colour is generally bright red, on which are 
black bands of various widths and sometimes divided 
into two or three by yellow rings. Now, in the same 
country are found several genera of harmless snakes, 
Itaving no affinity whatever with the above, but 
coloured exactly tlie same. For example, the poisonous 
Eiaps fulvius often occurs in Gruatemala with simple 
black bands on a coral-red ground; and in the same 
country is found the harmless snake Plioceius equalis, 
coloured and banded in identically the same manner. 
A variety of Elaps corallinus has the black bands 
narrowly bordered with yellow on the same red ground 
colour, and a harmless snake, Homalocranium semi- 
cinctum, has exactly the. same markings, and both are 
found in Mexico. The deadly Elaps lemniscatus has 
the black bands very broad, and each of them divided 
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into throe by narrow yellow rings ; and this again Js 
exactly copied by & harmless snake, PlioceiMis elapoides, 
which is found along with its model in Mexico. 

But, more remarkable still, tliere is in South Ame- 
rica a third group of snalies, the genus Oxyrhopus, 
doubtfully venomous, and having no immediate affinity 
with either of the preceding, wluch has also the same 
curious distribution of colours, namely, variously dis- 
posed rings of red, yellow, and black; and there are 
some cases in which species of ail three of these 
groups similarly marked iiiliabifc the same district. 
For example, Blaps mipartitus has single black rings 
very close together. It inhabits the west side of the 
Andes, and in the same districts occur Plioeerus eury- 
zonus and Oxyrhopus petolarins, wbieh exactly c«py 
its pattern. In Brazil Elaps lemniseatus is copied by 
Oxyrhopus trigeminus, both having black rings dis- 
posed in threes. In Eiaps hemipriehii the ground 
colour appears to be black, with alternations of two 
narrow yellow bands and a broader red one ; and of 
this pattern again we have an exact double in Oxy- 
rhopus formosus, both being found in many localities 
of tropical South America; 

What adds much to the estraoi'dinary character of 
these resemblances is the fact, that nowhere in the 
world but in America are there any snakes at all 
which have this style of colouring. Dr. Gunther, of 
the British Museum, who has kindly furnished some 
of the details here referred to, assures me that tliis is 
the case ; and that red, black, and yellow rings occur 
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tog tlipr on no other snakes m the woild but on Ehps 
nnd the tpeiies which so closely lesemhle it. lu i!I 
these cases, the size and form as well is the eolonra- 
tion -ire so inuch abke, that none but i natuialist 
■flould distinguish the hiiml ^s from the poisjiious 
'!peLit,'( 

Mnn-\ of the «m til tiep fioj;s -xie no d(ubt il&o 
mimiijiers "When seen m their natnial attitudes, I 
lia\e been often unable to distinguish them from beetles 
01 other msects sitting upon leives but legiet to say 
I neglected to obser\e wint species m groups they 
most resembled, tnd the subject does not yet seem to 
ha\e attriited the attention of natuiali'!ta ^bload 

MimKry among Bud 
In the class of birds there aie a numhei of CTses 
thtt make some approach to minii ly, such as the 
resemblani^ ot the cuckoos, i weal and defenceless 
group of buds, to h^^^k:s ind G-ilbniccB There is, 
howD\ei, one example which goes much further thin 
this ind seems to be ot exictly the same nituie as 
the many cai-es of insect nnmn,ry which ha\e been 
already jfiven In Australia and tlio Moluccas there is 
1 genus of hone; suckers cilled Tropidorhynchus, good 
sized birds, veiy strong and active, having powerful 
^raspin^' cIitir ind long, cuned, shirp bedis They 
assemble together in groups and small flocks, and they 
have a very loud bawling note, which can be heard 
at a great distance, and serves to collect a number 
together in time of danger. They are very plentifd 
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aiid very pugnacious, frequently driviog away crows, 
and even hawks, -wliicli perch on a tree where a few of 
them are assembled. They are all of rather dull and 
obscure colours. Now in the same countries there is 
a group of orioles, forming the genus Mimeta, much 
weaker birds, which have lost the gay colouring of 
their allies the golden orioles, being usually olive-green 
or brown ; and in several cases these most curionsly 
resemble the Tropidorbynchus of the same island, For 
example, in the island of Bouru is found the Tropido- 
rhynchus bouruensis, of a dull earthy colour, and the 
Mimeta boui'uensis, which resembles it in the follow- 
ing particulars : — The upper and under surfaces of the 
two birds arc exactly of the same tints of dark and 
light brown ; the Tropidorbynchus haa a large bare 
blade patch round the eyes; this is copied in the 
Mimeta by a patch of black feathers. Tlie top of the 
head of the Tropidorbynchus has a scaly appearance 
from the narrow scale-formed feathers, which are imi- 
tated by the broader feathers of the Mimeta having a 
dusky line down each. The Tropidorbynchus has a 
pale ruff formed of curious recurved feathers on the 
nape (which has given the whole genns the name of 
Friar birds) ; this is represented in tlie Mimeta by a 
pale band in the same position. Lastly, the bill of the 
Tropidorhynchns is raised into a protuberant keel at the 
base, and the Mimeta has the same characterj although 
it is not a common one in the gemis. The result is, 
that on a superficial examination the birds are identical, 
altbougli they have important structural difFerences, 
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an<I cannot be placed near each other in any natural 
arrangement. As a proof that the resemblance is really 
deeeptivOj it may bo mentioned that the Mimeta is 
figured and described as a honeysuoker in the costly 
" Voyage de I'Astrolabe," under the name of Phitedon 
bonruensis I 

Passing to the island of Coram, we find allied species 
of both genera. The 3^opidorhynchus subcornutus is 
of an earthy brown colour washed with yellow ochre, 
with bare orbits, dusky cheeks, and the usual pale re- 
curved nape-ruff. The Mimeta forsteni is absolutely 
identical in the tints of every part of the body, the 
details of which are imitated in the same manner as 
in the Bouru birds already described. In two other 
islands there is an approximation towards mimicry, 
although it is not so perfect as in the two preced- 
ing cases. In Timor the Tropidorhynchus timoriensis 
is of tho usual earthy brown above, with the nape-ruff 
very prominent, the cheeks black, the throat nearly 
white, and the whole under surface pale whitish brown. 
These various tints are all well reproduced in Mimeta 
virescens, the chief want of exact imitation being that 
the throat and breast of the Tropidorhynchus has a 
very scaly appearance, being covered with rigid pointed 
feathers which are not imitated in the Mimeta, although 
there are signs of faint dusky spots which may easily 
furnish the groundwork of a more exact imitation by 
the continued survival of favourable variations in the 
same direction. There is also a large knob at tiie base 
of the bill of tiie Tropidorhynchus which is not at all 
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imitated by the Mimefca. In the island of Morty 
(north of Grilolo) there exists the Tropidorhynchus 
fuscicapillus, of a dark sooty brown colour, especially 
on the head, while the under parts are rather lighter, 
and the charaeteristic rnff of the nape is wanting. 
Now it is cui'ious that in the adjacent island of Grilolo 
should be found the Mimeta phasochromus, tlie upper 
surface of which is of exactly the same dark sooty 
tint as the Tropidorhynchus, and is the only known 
species that is of such a dark colour. The under side 
is not quite Kght enough, but it is a good approxi- 
mation. This Mimeta is a rare bird, and may very 
probably exist in Morty, though not yet found there ; 
or, on the other hand, recent changes in physical geo- 
graphy may have led to the restriction of the Tropido- 
rhynchus to that island, where it is very common. 

Here, then, we have two cases of perfect mimicry 
and two others of good approximation, occurring 
between species of the same two genera of birds ; and 
in three of these cases the pairs that resemble each 
other are found together in the same island, and 
to which they are peculiar. In all these cases the 
Tropidorhynchus is rather larger than the Mimeta, 
but the difference is not beyond the limits of varia- 
tion in species, and the two genera are somewhat 
alike in form and proportion. There are, no doubt, 
some special enemies by which many small birds are 
attacked, but which are afraid of the Tropidorhynchus 
(probably some of the hawks), and thus it becomes 
advantageous for tlie weak Miraeta to resemble the 
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strong, pu^Bacious, noisy, and very abundant Tropi- 
dorhynchiis. 

My friend, Mr. Osbert Salvin, has given me another 
interesting ease of bird mimicry. In the neighbour- 
hood of Kio Janeiro is found an insect-eating hawk 
(Harpagus diodon), and in the same district a bird- 
eating hawk (Accipiter pileatus) which closely re- 
sembles it Both are of the same ashy tint bonoath, 
with the thighs and under wing-coverts reddish brown, 
so that when on the wing and seen from below they 
arc undi sting uishable. The curious point, however, is 
that the Accipiter has a much wider range than the 
Harpagus, and in the regions where the insect-eating 
species is not found it no longer resembles it, the under 
wing-coverts varying to white; thus indicating that 
the red-brown colour is kept truo by its being useful 
to the Accipiter to be mistaken for the insect-eating 
species, which birds have learnt not to be afraid of. 

Mimiery among Mammals. 
Among the Mammalia the only case which may be 
tme mimicry is that of the insectivorous genus Cla- 
dobates, found in the Malay countries, several species 
of which very closely resemble squirrels. The size is 
about tlie same, the long bushy tail is carried in the 
same way, and the colours are very similar. In this 
case the use of the resemblance must be to enable the 
Cladobates to approach the insects or small birds on 
which it feeds, under tlie disguise of the harmless fruit- 
eating squirrel. 
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Ol'jecHons to Mr. Bates'* Theory of Mimicry, 

Having now completed our survey of the most pro- 
minent and remarkable cases of mimicry that have yet 
been noticed, we must say something of the objections 
that have been made to the theory of their production 
given by Mr, Bates, and which we have endeavoured to 
illustrate and enforce in the preceding pages. Three 
counter explanations have been proposed. Professor 
Westwood a*lmits the fact of the mimicry and its pro- 
bable use to the insect, but maintains that each species 
was created a mimic for the purpose of the protection 
thus afforded it. Mr. Andrew Murray, in his paper on 
the " Disguises of Nature, inclines to the opinion that 
similar condition** of food and ot suiroundmi, circum- 
stances ha\e actt.d msome unknown way to piodncethe 
resemblances , ■md when the subject was discussed before 
the Entomological Society of London, a thud oljection 
was idded — thit heieditj or the reversion to ancestral 
t^pes of t)rm and colouration, might hi^e produced 
many of the cases of mimicry 

A:;ainst the =ipCLial creation of mimicking species 
theie lie ill the objections and difficulties in the way 
of special cieation m other cases, ■« ith the addition of 
a few that aie peenliir to it The mo^t obvious isj 
that we ha\ e griditions of mimiciy and ot protective 
resemblance — a fact winch is etiongly sug^estne of a 
natural prous'so hiving been at worl Another very 
seiious objection 1=!, that as mimiaj has bctn shown 
to bt, u'-tlal only to those species and ^loujs which 
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are rare and probably dying out, and would cease to 
have any effect should the proportionate abundance of 
the two species be reversed, it follows that on the 
special-creation theory the one species must have been 
created plentiful, the other rare ; and, notwithstanding 
the many causes that continnally tend to alter the pro- 
portions of species, these two species must have always 
been specially maintsuned at their respective propor- 
tions, or the very purpose for which they each received 
their peculiar characteristics would have completely 
failed. A third difficulty is, that although it is very 
easy to understand how mimicry may be brought 
about by variation and the survival of the fittest, it 
seems a very strange thing for a Creator to protect 
an animal by making it imitate another, when the 
very assumption of a Creator implies his power to 
create it so as to require no such circuitous protection, 
These appear to be fatal objections to the application 
of the special-creation theory to this particular case. 
The other two supposed explanations, which may 
be shortly expressed as the theories of "similar con- 
ditions " and of " heredity," agree in maldng mimicry, 
where it exists, an adventitious circumstance not ne- 
cessarily connected with the well-being of the mimick- 
ing species. But several of the most striking and 
most constant facts which have been adduced, directly 
contradict both these hypotheses. The law that mi- 
micry is confined to a few groups only is one of these, 
for " similar conditions " must act more or loss on all 
groups in a limited region, and " heredity " must 
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influence all trroups related to cicli other m in equal 
sk^ree Aj^inij the general fact thit tho^e spefies 
whidi mimie otiicri are raie, while those which are 
imitated are ahundint, i=i in no waj e\pUined hy either 
ol these theoiies, any moio tlnn i=i fcl e fiequent occnr- 
rence of loine pnlpible mode of protection iii the 
imitated species "R^ieibion to Til ancestial tipe ' 
no \\'\} esj-hms why the imitator and the imitited 
alwijs inhibit the \6ry same district, whereas allied 
foims of Gvcij d ffioo of neaiuess and remoteness 
^eneriU^ inhabit difierent countiies, ind oiten dif 
ff-rent quaiters. ot the jjlohe, and nuthor it, nor 
" similar conditions, will account foi the likenese be- 
tween speacf) ot distinct gronps being saperfiaal only — 
a disguise, not i true resemblance for the imitation 
ot haik, of lea\es, of sticks, ot dung, foi the lesem- 
blince between species in diffeient ordeis, and even 
difteient clisses and sub-kingdoms, and finilly, for the 
graduated series of the phenomena, beginning with a 
general harmony and adaptation of tint in autnmn and 
winter moths and in arctic and desert animals, and 
ending with those complete cases of detailed mimicry 
which not only deceive predacious animals, but puzzle 
the most experienced insect collectors and tlie most 
learned entomologists. 

Mimiory hj Female Insects onhj. 
Eat there is yet another series of phenomena con- 
nected vrith this STibjecit, which considerably strengthens 
the view here adopted, while it seems qnite incompa- 
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tible with oitlier of the other hypotheses ; namely, the 
relation of protective eolonring and mimicry to the 
sexaal differences of animals. It will be clear to every 
one that if two animals, which as regards " external 
conditions " and " hereditary deseont," are exactly 
alike, yet differ remarkably in colouration, one resem- 
bling a protected speeiee and the other not, the resem- 
blance that exists in one only can hardly be imputed 
to the influence of external conditions or as the effect 
of heredity. And if, further, it can bo proved that 
the one requires protection more than the otlier, and 
that in several cases it is that one which mimics the 
protected species, while the one that least requires 
protection never does so, it will afford very strong 
corroborative evidence that there is a real connexion 
between the necessity for protection and the pheno- 
menon of mimicry. Now the sexes of insects offer 
us a test of the nature here indicated, and appear to 
famish one of the most conclusive argnments in favour 
of the theory that the phenomena termed '* mimicry " 
are produced by natural selection. 

The comparative importance of the sexes varies 
much in different classy of animals. In the higher 
vertebrates, where the number of yoiing produced at a 
birth is small and the same individuals breed many 
years in succession, the preservation of both sexes is 
almost equally important. In all the numerous cases 
in which the male protects the female and her offspring, 
or helps to supply them with food, his importance in 
the economy of nature is proportionately increased, 
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though it is never perhaps quite equal to that of the 
female. In insects the case is very different; they 
pair but once in their lives, and the prolonged existence 
of the male is in mo'^t ca«es quite unnecessaiy for tlie 
continuance of the race. Tiie female, however, must 
continue to exist long enough to deposit hei eggs in a 
place adapted for the development and growth of the 
progeny. Hence there is a wide ditferenco in the need 
tor piotection in the two sexes ; and we sliould, there- 
fore, expect to find that in some cases the special pro- 
tection gi^en to the female was in the male less in 
amount 01 altogether wanting. The facts entirely con- 
firm thi", expectation. In the spectre insects (Phaa- 
midfe) it is often the females alone that so strikingly 
resemble leaves, while the males show only a rnde 
approximation. The male Diadema misippus is a very 
handsome and conspicuous butteifly, without a sign of 
protective or imitative coloramg while the temile is 
entirely unlike her partner, ind is one of the most 
wonderful cases of mimicry on recoid, itsemllmg 
most accurately the common Dimis chr^sippus, in 
whoso company it is often found So m several speciei 
of South American Pieris, the m ties ire white and 
black, of 5. similar type of colouring to our own 
"cabbage" butterflies, while the femiles lie rich 
yellow and buff, spotted and marked so is exactly to 
resemble species of HeliconnH with which they isso- 
ciate in the forest. In the Malay archipel igo is found 
a Diadema which had always been eontidercd a mile 
insect on account of its !;lo&->y mctj,llic blue tmts, 
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■tvlule its companion of sober biown wis looked upon 
11 tliG foniale I discovered, however, thit the rc^uise 
IS the cise, ind th%t the iich and glos'-y colours of 
tJie female ire imititue and protective, since ther 
Ginie her exietly to resembie tho common Eupltei 
midimus of the iime legions, a ipoeie'i which ha? 
let-n alreid^ mentioned m this essav as mimicked 
b^ -mother butterfly, Pipiho piradoxa I have smee 
ntmtd this mteiosting species Diadema anomiU (see 
the Traniictions of the Entomologicil Poeiety, lSfi9, 
1 2S5) In this cise, and m thit ot Diidcma misippns, 
theie 1^ no diiferenLe m the hibits of the two sexes, 
winch fly in similar locilities, so thit the mflnence 
of '*G-vternal conditions cinnot be invoked heie is 
it has been m the case of the South Ameritin Pieris 
pyiiha and ilbes, where the ■white males fiequent 
open suraiy plaees, while the Heliconii like females 
haunt tbe shades of the foitht 

A\o mil impute to the same geneial cause (the 
gicater need of protection for the feimle, OAMng to 
hei weaker flight, greater esjosure to ittick, and 
supiome importance) — the fict of the colours of female 
msetts being so ■verj generally dullei and less eonspi- 
CU0U1 than those of tbo other sex And thit it is 
hipfly due it this cause rather than to what Mr 
Djrttin teims "sexual selection' appears to be 
shown by the otheiwise inexplicable fact, that m the 
groups ^huh lia\e a piotection ot iny kind inde- 
pendent of <.oncealmtnt, sexual difiercnees of colour 
\io LithLi quite wmting oi slightly devebpi-d The 
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HelioonidT and DmaidTS, protected bj a diaagice- 
ablo flavour, ha\e the femiies e^ bnght and conspi- 
cu us 18 the milp , and very rirbly diffciing it all 
from them The stinging Hjmenoptoii hive the two 
sexes equillv tvell o- loured The Cinbide, the Loc- 
cinelhd<e, CLiysomehd-b, ind the Ttlefhoii have both 
sexes equally cfnaficuous, inl seldom differing in 
cobiuB The biilhmt Gurcuhos which are piotected 
by their hardnets, are brilli mt m both ae\e5 Liitly 
the jflitteimg GetoniadEe lad Baprestid*, which seem 
to be pi itepted by their hard and poii^hed coits, their 
ripid motion?, and peuuhar Libits, present few sexml 
differences i>£ coloui, -while sexnil selection his cfton 
minifested itself by stiuttural difteicncus, such as 
horns, spines, or otlier pi ue^ses 

Came of the dull Colours of Female Birds. 
The same law manifests itself in Birds, The female 
while sitting on her eggs reqnires protection by con- 
cealment to a much greater extent than the male ; and 
we accordingly find that in a large majority of the 
eases in which the male birds arc distinguished by 
unusual brilliancy of plumage, the females are much 
more obscure, and often remarkably plain- coloured. 
The esceptions arc such as eminently to prove the 
rule, for in most cases we can see a very good reason 
for tbem. In particular, there ai'e a few instances 
among ■wading aud gallinaceous birds in which the 
female has decidedly more brilliant colours than the 
male ; bub it is a moat curious and interesting fiiot 
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that in most if not all tliese cases the males sit upon 
the eggs; ao that this exception to the usual rule 
almost demonstrates that it is because the process of 
incubation is at once very important and very dan- 
gerous, that the protection of obscure colouring is 
developed. The most strildng example is that of the 
gray phalarope (Phalaropua fuHcarius). When in 
winter plumage, the sexes of tbis bird are alike in 
colouration, but in summer the female is much the 
most conspicuone, having a black head, dark wings, 
and reddish-brown back, while the mde is nearly 
uniform brown, with dusky spots. Mr, Gould in his 
" Birds of Great Britain " figures the two sexes in 
both winter and summer plumage, and remarks on 
the strange peculiarity of the usual colours of the two 
sexes being reversed, and also on the still more curious 
fact that the *' male alone sits on the eggs," which 
are deposited on the bare ground. In another British 
bird, the dottoreli, the female is also larger and more 
hrightly-colonred than the male ; and it seems to he 
proved that tbe males assist in incubation even if thoy 
do not perform it entirely, for Mr. Gould tells us, 
"that they have been shot with the breast bare of 
feathers, caused by sitting on the eggs." The small 
quail-like birds forming the genus Tumix have also 
generally large and bright-coloured females, and we 
are told by Mr. Jerdon in his " Birds of India " that 
" the natives report that during the breeding season 
the females desert their eggs and associate in flocks 
while the males are employed in hatching the eggs." 
I 2 
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It is also an ascertained fact, that the females are 
more bold and pngnaeious than the males. A further 
confimafcion of this view ia to be found in the fact 
(not hitherto noticed) that in a large majority of the 
cose? in whicli bright colours exist in both sexes incu- 
bation takes place in a dark hole or in a dome-shaped 
nest. Female kingfishers are often equally brilliant 
with the male, and they build in holes in banLs. Lee- 
eaters, trogons, motmots, and toucans, all build in 
holes, and in none is there any difference in tlie sexes, 
although they are, without exception, showy birtls. 
Parrots build in holes in trees, and in tbo majority 
of cases they present no marked sexual difference 
tending to concealment of the female. Woodpeckeis 
are in the same category, since though the sexes oflen 
diifer in colour, the female ia not generally less con- 
spicuons than the male. Wagtails and titmice build 
concealed nests, and the females are nearly as gay aa 
their mates. The female of the pretty Australian bird 
Pardalotua punctatue, ia very conspicuously spotted 
on the upper surface, and it builds in a hole in the 
ground. The gay-coloured hang-nests (Icterinai) and 
the equally brilliant tanagcrs may be well contrasted; 
for the former, concealed in their covered neata, pre- 
sent little or no sexual difference of colour — while the 
open-nested tanagers have the females dull-coloured 
and sometimes with almost protective tints. Ko doubt 
there are many individual exceptions to the rule here 
indicated, because many and various causes have com- 
bined to determine both the colouration and the habits 
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11^ y^ t3 milie them specnlly visiUe Hi. Darwin 
hil put the eise t) me ^s a diffitultj fiam another 
pjint < f yicv,, foi he hid irnieJ at the contlusioa that 
biilhani; coburition m the niiirail kingdom is maioly 
due to sevui! &eIectioQ, aud this coukl not hive acted 
in the ease of &t,\lei5S Iar\a. Appljing here thu analogy 
of othei insects, I lei^oiipcl, tint since some citerpillars 
were e\identlv protected by their imititne colouring, 
md otheis by then 'ipmj oi h^irj bodies, the bright 
coburi of the rest must also be in some way useful to 
them I fnither thouirht thit as some butterflies and 
moths were gieelily eatui by buds while others were 
dist isteful to them, and these 1 itter were mostly of con- 
spicoous colouis, so piobally these briUnntly coloured 
citerpillirs weie distasteful, ind theiefoie never eaten 
bj buds Distaatelulness alone would however he of 
little ser\iee to citerpillara, because then soft and juicy 
bod cs tre so delicate, that if seized ind afterwards re- 
jected by a bird they would almost certainly be killed. 
Some constant and easLJy perceived signal was therefore 
necessary to serve as a warning to birds never to touch 
these uneatable kinds, and a verj' gaudy and conspi- 
cuous colouring with the habit of fully exposing them- 
selves to view becomes such a signal, being in strong 
contrast with the green or brown tints and retiring 
habits of the eatable kinds. The subject was brought 
by me before the Entomological Society (see Proceed- 
ings, March 4th, 1867), in order that those members 
having opportunities for malting observations might do 
so in the following sumraur ; and I also wrote a letter to 
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tl e Fie d rLew9p^per, Legging that some of its reiders 
would co-operate m miking obsei^itions on whit m- 
<i cis weie icjectcd ly birda at the siiite time ftiUy 
expliining the greit inteicst ind scientific imiortince 
i.f the problem It is i ouiious example of how tew of 
the count ly leaders of thtt pijei ire at ■^11 mteiested 
in questions of simjle mtunl liatoiVj that I onlj 
ol tamed one intwer fiom a geiitlemin m Cumbei 
land, who gave me some mteiestmg obieiviti ns on 
the general dislke -md abhorrence of ill buds to the 
"Gocseberry Citeipiilai, probably thit of the Migpie- 
moth (Abraxas grossulaiiata) Neithur jonng phea- 
sints, putridges, n i wild-dncha conld he induced to 
it it, sparrows anl finches never tjuched it, and all 
1 iida to whom he offered it lejected it with evident 
(liead and abhoiience It will be seen that these ob 
servitions are coi filmed b^ tli se of two members of 
the Entomoloj,ical Sociuty to whom we lie indebted 
foi more detiiled intoimation 

In Much, 1809, Mr J Jennei Weii communicated a 
viluable senes of obsen ations mide during manj > ear , 
but more especially in the two preceding summers, in 
his aviary, containing the following birds of more or 
less insectivoroiis habits : — Robin, Yellow -Hammer, 
Beed-bunting, Bullfinch, Chaffinch, Crossbill, Thrush, 
Tree-Pipit, Siskin, and Eedpoll. He found that hairy 
caterpillars were uniformly rejected; five distinct species 
were quite unnoticed by all his birds, and were allowed 
to crawl about the aviary for days with impunity. The 
spiny caterpillars of the Tortoiseshell and Peacock but- 
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terflies were equally rejected ; but in both these cases 
Mr. Weir thinks it is the tasto, not the hairs or epiiiea, 
that are Jisiigi'eeable, hecauae some very young cater- 
pillars of a hairy species were rojocted although no hairs 
were developed, and the smooth pupte of the above- 
named bntterflies were refused as persistently as the 
spinnd lan'a?. In these cases, then, both hairs and 
spines would seem to be mere signs of uneatableness. 

His nest experiments were with those smooth gaily- 
coloured caterpillars which never conceal themaelvesj 
but on the contrary appear to court observation. Such 
are those of the Magpie moth (Abraxas grossulariata), 
whose caterpillar is conspicuously white and black 
spotted — the Diloba cojruloocephala, whose larvte is 
pale yellow with a broad blue or green lateral band — 
the Cucuilia verbasei, whose larvse is greenish white 
with yellow bands and black spots, and Anthrocera 
filipendulffi (the six spot Burnet moth), whose cater- 
pilkr is yellow with blaok spots. These were given 
to the birds at various times, sometimes mixed with 
other kinds of larvaj which were greedily eaten, hut 
they were in every case rejected apparently unnoticed, 
and were left to crawl about till they died. 

The next set of observations were on the dull- 
coloured and protected larvfe, and the results of mi- 
morons experhnents are thus summarised by Mr. 
Weir. "All caterpillars whose habits are nocturnal, 
which are dull coloured, with fleshy bodies and 
smooth skins, are eaten with the greatest avidity. 
Every species of green caterpillar is also much re- 
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lished All Ge mUrse, whose larvai resemble twigs 
ns they '-tniid out from the plant on their anal 
prolec, are imiiiihly eaten." 

At the stme meeting Mr. A. Gr. Eutlcr, of the 
Biitish Miisonm, comnrnnicated the results of his 
observations with lizards, frogs, and spiders, which 
stnl mgly coiioborate thoso of Mr. Weir. Three green 
lizirds (Lireiti Mridis) which he kept foe several 
years, were very voracious, eating all kinds of food, 
from a lemon cheesecake to a spider, and devouring 
flies, caterpillars, and humble bees ; yet there were 
some caterpillars and moths which they would seize 
only to di'op immedia,tely. Among these the principal 
were the caterpillar of the Magpie moth (Abraxas 
grossulariata) and the perfect six spot Burnet moth 
(Anthrocera filipcndulfe). These would he first seized 
but invariably dropped in disgust, and afterwards left 
unmolested. Subsequently frogs were kept and fed 
with caterpillars from the garden, but two of these — 
that of the before-mentioned Magpie moth, and that 
of the V. moth (Halia wavaria), which is green with 
conspicuous white or yellow stripes and black spots — 
were constantly rejected. When these species were 
first offered, the frogs sprang at them eagerly and 
licked them into their mouths ; no sooner, however, 
had they done so than they seemed to be aware of 
the mistake that they had made, and sat with gaping 
mouths, rolling their tongues about until they had 
got qiiit of the nauseous morsels. 

With spiders the same thing occurred. These two 
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caterpiUarB were repeatedly put into the webs both of 
the geometrical and hunting spiders (Epeira diadema 
and Lyeosa sp.), but in the former case they were 
cut out and allowed to drop ; in the latter, after dis- 
appearing in the jaws of their captor down his dark 
silken funnel, they invariably reappeared, either from 
below or else taking long strides up the funnel again. 
Mr, Butler has observed lizards light with and finally 
devour humble bees, and a frog sitting on a bed of 
stone-crop leap up and catch the bees which flew over 
his head, and swallow theio, in utter disregard of 
their stings. It is evident, therefore, that the posses- 
sion of a disagreeable taste or odour is a more effec- 
tual protection to certain conspicuous caterpillars and 
moths, than would be even the possession of a sting. 
The observations of these two gentlemen supply 
a very remarkable confirmation of the hypothetical 
solution of the difficulty which I had given two years 
before. And as it is generally aclaiowledged that 
the best test of the truth and completeness of a 
theory is the power whieli it gives us of prevision, 
we may I think fairly claim this as a case in which 
the power of prevision has been successfully exerted, 
and therefore as furnishing a very powerful argu- 
ment in favour of the truth of the theory of Natural 
Selection. 

Summan/. 

1 have now completed a brief, and necessarily very 
imperfect, survey of the various ways in which the 
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external form and colonnBg of animals is adapted to 
be useful to them, either by concealing them from their 
enemies or from the creatures they prey upon. It has, 
I hope, been shown that tlie subject is one of much 
interest, both as regaid a true comprehension of the 
place eacli animal fills in the economy of nature, and 
the means by which it is enabled to maintain that 
place; and aI?o aa teaelung ns how important a part 
is played by the minutest details in the structure 
of animals, and how complicated and delicate is the 
equilibrium of the organic worlJ. 

My exposition of the suhjeot having been necessarily 
somewhat lengthy and full of details, it wOl be as 
well to recapitulate its main point'^. 

Thore is a general harmony in nature between the 
colours of an animal and those of its habitation. 
Arctic animals are white, desert animals are sand- 
coloured : dwellers among leaver and grass are green ; 
nocturnal animals are dnaky. These colours are not 
universal, but are very general, and are selilom re- 
versed. Going on a little further, we find birds, 
reptiles, and in'.ects, so tinted and mottled as exactly 
to match the rock, or bark, or leaf, or flower, they 
are accustomed to rest upon, — and thereby effec- 
tually concealed. Another step in advance, and we 
have insects which are formed as well as coloured so 
aa exactly to resemble particular leaves, or sticks, or 
mossy twigs, or flowers; and in these cases very 
peculiar habits and instincts come into play to aid 
in the deception and remler the concealment more 
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anotlier group, and we know that the crenture? re- 
sembled, possess in immunity from attack, by their 
being 'ilwiys very abundant, by their hemg conspi- 
cuous and not concealing themiielves, and b} their 
having gtnLnlly no visible meins of escipc from 
their enemies , while, at tht stme tune, the particular 
quality thit raikes them disliked is often Aery clear, 
such IS a na^ty taste oi in indigestible hirdness 
Further e\iminition repeals the fict that, m se\enl 
Pises of both 1 mils ot difgmse it is the female only 
that is thus disguised , and as it can be shown thit the 
female needs protection much more than the malo, 
indthat her preservation for i much longer peiiod is 
absolutrly netcosiry foi the continuance of the rice, 
we hav e in addition d indication that the resemblance 
IS in J.11 cases subseivient to a greit puijose— the 
preservation of the species. 

In endeavouring to explain these phenomena as 
having been brought about by variation and natural 
selection, we start with the fact that white varieties 
frequently occur, and when protected from enemies 
show no incapacity for continued existence and in- 
crease. We know, further, that varieties of many 
other tints occasionally occur; and as "the survival 
of the fittest " must inevitably weed out those whose 
colours are prejudicial and preserve those whose 
colours are a safeguard, we require no other mode of 
accounting for the protective tints of arctic and 
desert animals. But this being granted, there is 
such a perfectly continuous and graduated series of 
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examples of every kind of protective imitation, up to 
tlie most wonderful cases of what is termed "mimicry," 
that we can find no place at which to draw the lino, 
and say, — so far variation and natural selection will 
account for the phenomena, but for ail the rest we 
require a more potent cause. The counter theories 
that have been proposed, that of the " special creation " 
of each imitative form, that of the action of " similar 
conditions of existence " for some of the cases, and of 
the laws of " hereditary descent and the reversion to 
ancestral forms " for others, — have all been shown 
to be beset with difficulties, and the two latter to be 
directly contradicted by some of the most constant and 
most remarkable of the facts to be accounted for. 

General deductions as to Colour in Nature. 
The important part that " protective resemblance "' 
has played in determining the colours and markings 
of many groups of animals, wiil enable us to under- 
stand the meaning of ono of the most striking facts 
in nature, the uniformity in the colours of the vege- 
table as compared with the wonderful diversity of the 
animal world. There appears no good reason why 
trees and shrubs should not have been adorned with 
as many varied hues and as strikingly designed pat- 
terns as birds and butterflies, since the gay colours 
of flowers show that there is no incapacity in vege- 
table tissues to exhibit them. But even flowers them- 
selves present us with none of those wonderful designs, 
those complicated arrangements of stripes and dots 
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and patc!iG3 of colour, that harmoniouB blending of 
lines in lines and bands and shaded spots, which are 
so general a feature in insects. It is the opinion of 
Mr, Darwin that we owe much of the beauty of 
flowers to tho neecaaity of attracting insects to aid 
in their fertilisation, and that much of the develop- 
ment of colour in the animal world is due to " sexual 
Boleotion," colour being universally attractive, and thus 
leading to its propagation ajid increase ; but white 
fully admitting this, it wiU be c\-idont from the fiicts 
and arguments here brought forward, that very much 
of the variety both of colour and markings among 
animals is due to the supremo importance of con- 
cealment, and thus the varioixs tints of minerals and 
vegetables have been directly reproduced in tliD ani- 
mal kingilom, and again and agaiu modified as more 
special protection became necessary. We shall thus 
have two causes for the developmenfc of colour in the 
animal world, and shall be better enabled to under- 
stand how, by their combined and separate action, 
the immense variety we now behold has been pro- 
duced. Both causes, ' however, will come under the 
general law of " Utility," the advocacy of which, in its 
broadest sense, we owe almost entirely to Mr, Darwin. 
A more accurate knowledge of the varied phenomena 
connected with this subject may not improbably give 
us some information both as to the senses and the 
mental faculties of the lower animals. For it is 
evident that if colours wliich please us also attract 
them, and if the various disguises which h;ive been 
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here enumerated are equilly deceptive to them as t j 
onrsel'ves, then both their powers of ■vimou ind their 
faculties of perception ind emotion, mw^t be es^entiilly 
of the same nature as oui own — i fnct of high philo- 
sophical irapoitance m tht, study of oui 3wn nature 
and our true relations to tl e lo\\Lr anim 1 

Contb ■<w t 

Although such a vanet\ of interesting facts hive 
been already accumulated, the subject we have been 
discussing is one of which com; ariti\ ely little is reallj 
knoivn. The natural history of the ti-optcs has never 
yet been studied on the spot with a full appreciation 
of "what to observe" in this matter. The varied 
ways in which the colouring and form of animals serve 
for their protectionj their strange disguises as vege- 
table or mineral substances, their wonderful mimicry 
of other beings, offer an almost nnworked and inex- 
haustible field of discovery for the zoologist, and will 
assuredly throw much light on the laws and conditions 
which have resulted in the wonderful variety of colour, 
shade, and marking which constitutes one of the most 
pleasing characteristics of the animal world, but the 
immediate causes of which it has hitherto been most 
difficult to explain. 

If I have succeeded in showing that in this wide 
and picturesque domain of nature, results which have 
hitherto been supposed to depend either upon those 
incalculable combinations of laws which we term 
rfinnce or upon the direct volition of the Creator, are 
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reallj due to thp ■motion of compirttivei} w ell 1 nown 
and iimjle ciuses, I shall lii^e attained my irtsent 
purpose, whicli his been to extend tne interest bo 
generally felt m tlie moie striking f^cts of natur'il 
history to a lai^e clais of ouiious but much neglectel 
detiiis, anl to furthei, m however slight a degree 
oiir 1 nowledgc of the subjection of the phenomena oi 
life to the Euign ut lij.vt. 
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IV. 
THE MALAYAN PAPILIONID^ OR SWAL- 
LOW-TAILED BUTTERFLIES, AS ILLUS- 
TRATIVE OF THE THEORY OF NATURAL 
SELECTION. 

Special Value of tks Diurnal Lepidoptem for enquiries 

of this nature- 
When the naturalist stndiea the habits, the structure, 
or the affinitiea of animals, it matters little to which 
group he especially devotes himself; all alike ofler him 
endless materials for observation and research. But, 
for the purpose of investigating the phenomena of geo- 
graphical distribution and of local, sexnal, or general 
variation, the several groups differ greatly in their 
valuo and importance. Some have too limited a range, 
others are not sufficiently varied in specific forms, 
while, what is of most importance, many groups 
have not received that amount of attention over the 
whole region they inhabit, which could furnish mate- 
rials sufficiently approaching to completeness to enable 
us to arrive at any accurate conclusions as to the 
phenomena they present as a whole. It is in those 
groups which are, and have long been, favourites with 
collectors, that the student of distribution and varia- 
tion will find his materials the most satisfactory, from 
their comparative completeness. 
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Pre-eniineat among such groups are the diunial 
Lepidoptera or Butterflies, whose extreme beauty 
and endless diversity havo led to their having been 
assiduously collected in all parts of the world, and 
to the numerous species and varieties having been 
figured in a series of magnificent works, from those 
of Cramer, the contemporary of Linnjeus, down to 
the inimitable productions of our own Hewitson.* 
But, besides their abundance, their universal distri- 
bution, and the great attention that has been paid 
to them, these insects have otlier qualities that espe- 
cially adapt them to elucidate the branches of inquiry 
already alluded to. These are, the immense develop- 
ment and peculiar structure of tho wings, which not 
only vary in form more than those of any other 
insects, but offer on both surfaces an endless variety 
of pattern, colouring, and texture. The scales, with 
which they are more or less completely covered, imi- 
tate tho rich hues and delicate surfaces of satin or 
of velvet, glitter with metallic lustre, or glow with 
the changeable tints of the opal. This delicately 
painted surface acts as a register of tiia minutest 
difFes-ences of organization— a shade of colour, an 
additional sti-eat or spot, a slight modification of 
outline continually recurring with the greatest regu- 
larity an<I fixity, while the body and all its other 

' W. 0. Hewitson. Esq,, of Oatlands, "Walton. on -Tiiames, 
iHithor of " Exotic Butterflies " and several otliei' worts, JUus- 
trated by exquisite coloured figures drawn by himself ; and 
owner of tho finest collection of Butterflies in the world. 
K 2 
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members exhibit no appreciable change. The wings 
of Butterflies, as Mr. Bates has well put it, " serve 
as a tablet on which Nature writes the storj of the 
modifications of species ; " they enable us to perceive 
changes that would otherwise bo uncertain and diffi- 
cult of observation, and exhibit to us on an enlarged 
scale the effects of the climatal and other physical 
conditions which influence more or less profoundly 
the organization of every living thing, 

A proof that this greater sensibility to modifying 
causes is not imaginary may, I think, be drawn from 
the consideration, that while the Lcpidoptera as a 
whole are of all insects the least essentially varied in 
form, structure, or habits, yet in the number of their 
specific forms they are not much inferior to those 
orders which range over a much wider field of nature, 
and exhibit more deeply seated structural modifica- 
tions. The Lcpidoptera are all vegetable-feeders in 
their lai-va-state, and suckers of juices or other liquids 
in their perfect form. In their most widely separated 
groups they differ but little from a common type, 
and offer comparatively unimportant modifications of 
structure or of habits. The Coleoptera, the Diptera, 
or the Hymeuoptera, on the other hand, present far 
greater and more essential variations. In either of 
these orders we have both vegetable and animal- 
feeders, aquatic, and terrestrial, and parasitic groups. 
Whole families are devoted to special departments in 
the economy of natiure. Seeds, fruits, bones, car- 
cases, excrement, bark, have each their special and 
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dependent insect tribes from among them; wiiereas 
the LepitJoptera are, with but few exceptions, confined 
to the one function of devouring the foliage of living 
vegetation. Wc might therefore anticipate that their 
species - population would be only equal to that of 
sections of the other orders having a similar uniform 
mode of existence ; and the fact that their numbers 
are at all comparable with those of entire orders, so 
much more varied in organization and habits, is, I 
think, a proof that they are in general highly sus- 
ceptible of specific modification. 

Question of the rank of the Papilionidce. 
The PapiJionidte are a femily of dinrnal Lepidop- 
tera which have hitherto, by almost universal consent, 
held the first rank in the order; and though this 
position has recently been denied them, I cannot 
altogether acquiesce in the reasoning by which it has 
been proposed to degrade them to a lower rank. In 
Mr. Bates's most excellent paper on the Heliconidfe, 
(published in the Transactions of the Linnffian So- 
ciety, vol. xxiii., p. 495) he claims for that family 
the highest position, chiefly because of the imperfect 
structure of the fore legs, which is there carried to 
an extreme degree of abortion, and thus removes 
them further than any other family from the Hes- 
peridse and Hetorocera, which all have perfect legs. 
Now it is a question whether any amount of diifer- 
enco which is exhibited merely in the .imperfection 
or abortion of certain organs, can establish in the 
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group exhibiting it a elfum to a iiigh grade of organ- 
ization , still less can this be nJIowed when another 
group ulong with perfection of structure in the same 
organs, exhibits modifications peculiar to it, together 
with the possession of an organ which in the re- 
n\ainder of the order is altogether wanting. This is, 
however, the position of the PapilioniJa;. The per- 
fect insects possess two characters quite peculiar to 
them, Mr. Edward Doubleday, in his " Genera of 
Diurnal Lepidoptera," says, "The Papilionidte may 
be known by the apparently four-br:mched median 
nervule and the spar on the anterior tibite, charac- 
ters found in no other family." The four-branched 
median nervule is a character so constant, so pecu- 
liar, and so well marked, as to enable a. person to 
tell, at a glance at the wings only of a butterfly, 
whether it does or does not belong to this family ; 
and I am not aware that any other group of butter- 
flies, at all comparable to this in extent and modifi- 
cations of form, possesses a character in its neuration 
to wbich the same degree of certainty can be attached, 
The spur on the anterior tibiae is also found in some 
of the Hesperidaa, and is therefore supposed to show a 
direct affinity between the two groups : bat I do not 
imagine it can counterbalance the differences in neura- 
tion and in every other part of their organization. 
The most characteristic feature of the Papilionidas, 
however, and that on which I think insnfBcient 
stress has been laid, is undoubtedly the peculiar 
structure of the krvse. These all possess an extra- 
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ordinary organ situated on the neck, the weU-known 
Y-shaped tentacle, which is entirely concealed in a 
state of repose, but which is capable of being sud- 
dfnly thrown out by the insect when alaimed When 
we consider this "inguhr ippira,tus, ■whi h m some 
■•peciLS IS neiih half in inch long, the arrange- 
ment of muscles toi its protiuaion and retnction, 
its peilett concealment during repose, its blood-red 
Lilour, and tlie suddenness witb which it can be 
thrown out, we must, I think, be led to the con- 
clusion that it aenes is a protection to tho l'u\a, 
bi stirtlmg ^nd fngbtLuing awiy some enemy when 
ibout to seize it, ajid is thus one of the causes which 
has led to the wide extension and mimtamed the per 
miuence of tins now dominant group Those who 
lelieie tlut su b pcculi.ir structures cm only bive 
iris<-ii by "veiy minute snccbSsiTe variations, eieh one 
ih mtngeous to its posses or, must see, lu the poa 
sei&ioji ot such an organ by one group, and its 
complete ibsenLe in every other, a picof of 1 veiy 
incient ongm ind of vciy long- continued modihca- 
tion And such a poi5iti\e structural addition to 
the oigmization of the fimilj, suhseriing in impor- 
tant function, seems to me iloue sufHcient to mirtnt 
us m considenng the Paj ilioni Vn as tlie most highly 
d \eloped poition of the whole order, ind thus m 
letiining it in the position which the size, stiength 
beauty, and geneia! stiucture of the jeiftct insects 
Ka^e been gencraOy thought to dcseivc. 

In Mr. Trimen's paper on "Mimetic Analogies 
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among African Butterflies," in the Transactions of the 
Linnsean Society, for 1868, he has argued strongly 
in favour of Mr. Bates' views as to the higher posi- 
tion of the Danaidffl and the lower grade of the 
Papilionidfe, and has adduced, among other facts, the 
undoubted resemblance of the pupa of Pamassius, a 
genus of PapilionidEe, to that of some HeaperidaB and 
moihs. I admit, therefore, that he has proved the 
Papilionidffi to have retained several characters of 
the nocturnal Lepidoptera which the Danaida) have 
lost, but I deny that they are therefore to be con- 
sidered lower in the scale of organization. Other 
characters may be pointed out which indicate that 
they are farther removed from the moths even than 
the Danaidse. The duh of the antennse is the most 
prominent and most constant feature by ivhicli but- 
tei'flios may be distinguished from moths, and of 
all butterflies the PapilionidEe have the most beauti- 
ful and most perfectly developed clubbed antennte. 
Again, butterflies and moths are broadly character- 
ised by their diurnal and nocturnal habits respectively, 
and the Papilionidffi, with their close allies the Pier- 
idas, are the most pre-eminently diurnal of butterflies, 
most of them lovers of sunshine, and not presenting 
a single crepuscular species. The great group of the 
Kymphalidse, on the other hand (in which Mr. Bates 
includes tlie Danaidas and Heiiconidse as sub-fami- 
lies), contains an entire sub-family (Brassolidaa) and 
a number of genera, such as Thaumantis, Zeuxidia, 
Pavonia, &o., of crepusciilar habits, while a largo 
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iffortion of tlio feityridaa and many of the Dana- 
id's lie shide-loving butterflies This qiie'ition, of 
what IS to be considered the highest type of any 
grfup ot oig*ini&m=(, is one of snch gene^^l mteitat to 
naturalists thit it will be well to consider it a little 
fmther, by a compirison ot the Lepidoptti i with some 
groups of thi, higher immals 

Ml Trimen ^i ligament, th^t the lepidopterous type, 
like thit of buds, being pre eminently lerial, " theie- 
iore 1 diminution of the ambnlitoiy oigms, instead 
of being a si^i of mfeiiority, in\y \eiy possibly in- 
dicate 1 higheij because a raoie thoioughly aenal 
form," 19 ceitamiy un'-ound, for it would implj thit 
the most auiil of buds (the swift and the frigate- 
biids, lor example) aie the highct in tJie soils ot 
bnd orgmization, and the more so on ii count of their 
teet being verj ill adaptod for walking But no oi- 
nitholoirist ha? evai so chs'sed them, and the elnm to 
the highest ranli. imong birds is only diiputcd be- 
tween three gioups, all very fai icmoved from these 
They no — 1st The Fileons, on account of their 
^oneral perfection, thoir lapid fliglit, their pierung 
Msion, then peifect feet limed with retiactile claws, 
the beauty of thtir foims, and the ei&e and iipidity of 
then mctioni, 2ud The Parrots, whose f et, though 
ill-fitted foi walking, ire perfect as piehensiio organs, 
and which possess laige brims with gieat intelligence, 
though but niodor\te powLis of flight, and, rfid The 
Thiushes 31 Crows, as fvpicil of the perching birds, 
on acu-unt of the wcllbilinced duclopment ot then 
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whole structure, in whicli no organ or funcfcion lisis 
attained an undue prominenco. 

Turning now to tJie Mammalia, it might he argued 
that as they are pre-eminently the terrestrial type 
of Tert«brates, to walk and run well is essential to the 
typical perfection of the group ; but this would give 
the superiority to the horse, the deer, or the hunting 
leopard, instead of to the Quadrumana. We seem here 
to have quite a case in point, for one group of Quad- 
rumana, the Lemurs, is undoubtedly nearer to the 
low Lisectivora and Marsupials than the Carnivora or 
the Ungulata, as shown among other characters by 
the Opossums possessing a hand with perfect opposable 
thumb, closely resembling that of some of the Lemurs ; 
and by tlie curious Galeopitheci^, which is sometimes 
classed as a Lemur, and sometimes with the Insecti- 
vora. Again, the implacental mammals, including 
the Ornithodelphia and the Marsupials, are admitted 
to be lower than the placental series. But one of the 
distinguishing characters of the Marsupials is that the 
young are born blind and exceedingly imperfect, and 
it might therefore be argued that those orders in 
which the young are bom most perfect are the highest, 
because farthest from the low Marsupial type. This 
would make the Euminants and Ungulata higher than 
the Quadrumana or the Carnivora. But the Mam- 
malia offer a still more remarkable illustration of the 
fallacy of this mode of reasoning, for if there is one 
character more than another which is essential and 
distinctive of the class, it is that from which it derives 
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t" nama, tlie pos'^es'im of mammaiy glands and the 
I>ower ( t sut! ling tho voung WEat moie rex^omblp, 
tppaieiitly, thin to ar^ut, tliit the group in wbicli 
tl IS important iuncticn is most developed, that m 
i^hich the ■^oiiig ^ro most dependent ufon itj and 
tci the longest jpiiod, muit lo the highest in the 
Mammaliin scale of orgiuzition' "i t this group is 
the Mirsnpnl, m which the jonng commonce 'luckling 
Hi 1 fstil condition, and coitmue to do -^i till thej 
lie fully duveloped, ind are theiefore for a loii!; time 
lb", lately dependent on this mode of nouriahn L.nt 

These CMmples, I thmk, demonstrate that we c^n- 
nst settle the rank of a gionp by a consideration of 
the degree in which certiin chaiacteia ru'einble or 
difFci liom thjse in what is admitted to be i lower 
f^ionp , ind thty il«o show that the highest gtoup of 
ddiss nij be inoie cbselj connected to one of the 
kweat, thm some othei gioups whieh hi^e developed 
laterally and diverged farther from the parent type, 
but which yet, owing to want of balance or too great 
specialization in their striictnre, have never reached 
a high grade of organization. The Qttadrumana afford 
a very valuable illustration, because, owing to their 
undoubted affinity with man, we feci certain that they 
are really higher than any other order of Mammalia, 
while at the same time they are more distinctly allied 
to the lowest groups than many others. The case of 
the Papiliouidte seems to me so exactly parallel to 
this, that, while I admit all the pi'oofs of affinity 
with the undoubtedly lower groups of Heaperidse and 
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moths, I yet maintain that, owing to the complete 
and even development of every pai't of their organi- 
zation, these insects best represent the highest per- 
fection to which the butterfly typo has attained, and 
deserve to be placed at it3 head in every system of 
classification. 

DistTihttion of the Papilionidcs. 
The Papilionidse are pretty widely distributed over 
the earth, but are especially abundant in the tropics, 
where they attain their maximum of size and beauty, 
and the greatest vanety of form and colouring. 
South America, North India, and the Malay Islands 
are the regions where these fine insects occur in the 
greatest profusion, and where they actually become 
a not unimportant feature in the scenery. In the 
Malay Islands in particular, the giant Ornithopterce 
may be frerjuently seen about the borders of the cul- 
tivated and forest districts, their large size, stately 
flight, and gorgeous colouring rendering them even 
more conspicuous than the generality of birds. In 
the shady suburbs of the town of Malacca two large 
and handsome Papilios (Memnon and Nephelus) are 
not uncommon, flapping with irregular flight along 
the roadways, or, in the early morning, expanding 
their wings to the invigorating rays of the sun. In 
Amboyna and other towns of the Moluccas, the mag- 
nificent Deiphobua and Severus, and occasionally even 
the azure-winged Ulysses, frequent similar situations, 
fluttering about the orange^trees and flower-beds, or 
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sometimes even straying into the narrow bazaars or 
covered markets of tlie city. In Java the golden- 
dusted Arjuna may often be seen at damp pla(;es on 
the roadside in the moimtain districta, in company 
with Sarpedoii, Bathycles, and Agamemnon, and iesa 
frequently the beautiful swallow -tailed Antiphates. 
In the more luxuriant parts of these islands one can 
hardly take a morning's walk in the neighbourhood 
of a town or village without seeing three or four 
species of Papilio, and often twice that number. No 
less than 130 species of tho family are now known 
to inhabit tho Archipelago, and of these ninety-six 
were collected by myself. Thirty species are found 
in Borneo, being the largest number in any one islandj 
twenty-three species having been obtained by myself 
in the vicinity of Sai'awak ; Java has twenty-eight 
species ; Celebes twenty-four, and the Peninsula of 
Malacca, twenty-six species. Farther east tho num- 
bers decrease ; Batchian producing seventeen, and New 
Grumea only iifteen, though this number is certainly 
too small, owing to our present imperfect knowledge 
of that great island. 

Dejimtwn of tlie word Species. 
In estimating these numbers I have had the usual 
difficulty to encounter, of determining what to con- 
sider species and what varieties. The Malayan region, 
c-onsisting of a large number of islands of generally 
great antiquity, possesses, compared to its actual area, 
a great number of distinct forms, often indeed dis- 
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tingui^hcil by very flight characters, but in most 
cases so constant in large series of specimens, and 
so easily separable from each other, that I know not 
on what principle we can refuse to give them the 
name and rank of species. One of the bei^^t and mo&t 
orthodox definitions is that of Pritchard, the great 
ethnologist, who says, that " separate origin and dis- 
tmetness of race, evinced by a I'onstant transmission of 
some characteristic peculiarity of organization" consti- 
tutes a species. Now leavinif out the question of 
" origin," which n e cannot determine, and taking 
only the proof of separate origin, " the constant trans- 
mission of some charauterisiic peuiUarity of organiza- 
tion" we have a definition which will compel us to 
neglect altogether the amount of difl'ereiice between 
any two forma, and to consider only whether the dif- 
ferences that present themselves are permanent. The 
rule, therefore, I have endeavoured to adopt is, that 
when the difference between two forms inhabiting 
separate areas seem-* quite constant, when it can be 
defined in words, and when it is not (.onHndl to a 
single peculiarity only, I ha\e considLrnd sucli forms 
to bo species. When, however, the individuals of 
each locality vary among tliemselves, so as to eaubc 
the distinctions between the two forms to become 
inconsiderable and indefinite, or where the differences, 
though coJistant, are confined to one particular only, 
such as size, tint, or a single point of difference in 
marking or in outline, I class one of the li.iius as u 
varietv of the other. 
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I find as a general rule that t!ie constaiicy of species 
is in <an inverse ratio to their range. Those which 
are confined to one or two islands axe generally very 
constant. When they extend to many islands, con- 
siderable variability appears ; and when they have an 
extensive range over a large pari, of the Archipelago, 
the amount of unstable variation is very large. These 
facts are explicable on Mx. Darwin's principles. When 
a species esists over a wide area, it must have had, 
and probably still possesses, great powers of disper- 
sion. Under the different conditions of existence in 
various portions of its area, different variations from 
the type would be selected, and, were they completely 
isolated, would soon become distinctly modified forms ; 
but this process is checked by the dispersive powers 
of the whole species, which leads to the more or iess 
frequent intermixture of tlie incipient varieties, which 
thus become irregular and unstable. Where, how- 
ever, a species has a limited range, it indicates less 
active powers of dispersion, and the process of modi- 
fication under changed conditions is less interfered 
with. The species will therefore exist under one or 
more permanent forms r.ccording as portions of it have 
been isolated at a more or less remote period. 

Lau-s and Modes of Variation. 
What is commonly called variation consists of several 
distinct phenomena which have been too often con- 
founded. I shall proceed to consider these under the 
beads of— 1st, simple variability; 2nd, polymorphism; 
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3rd, local forms ; 4tl\, co-existing varieties ; Sth, races 
or subspecies ; and 6th, true speciei. 

1. Simple variahilily. — Undei tliis he id I inclule all 
those cases in which the apetihc form is to some extent 
unstable. Throughout the whole iinge of the specie=!, 
and even in the progeny of individuals, there oceni 
continual and uncertain differences of form, analogous 
to that variability which is so characteristic of domestic 
breeds. It is impossible usefully to define any of these 
forms, because there are indefinite gradations to each 
other form. Species which possess these characteristics 
have always a wide range, and arc more frequently the 
inhabitants of continents than of islands, though such 
cases are always exceptional, it being far more common 
for specific forms to be fixed within very narrow limits 
of variation. The only good example of tliis kind of 
variability which occurs among the Malayan Papilio- 
nidse is in Papilio Sevenas, a species inhabiting all the 
islands of the Moluccas and New Guinea, and exhibit- 
ing in each of them a greater amount of individual 
difference than often serves to distinguish well ~ 
marked species. Almost equally remarkable are the 
variations exhibited in most of the species of Omithop- 
tera, which I havo found in some cases to extend even 
to the form of the wing and the arrangement of the 
nervures. Closely allied, however, to these variable 
species are others which, though differing slightly from 
them, are constant and confined to limited areas. After 
satisfying oneself, by the examination of numerous 
epecimens captured in their native eountriesj that the 
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one set of individuals are variable and the others are 
not, it becomes evident that by classiuig all alike as 
varieties of one species we shall be obscuring an impor- 
tant fact in nature ; and that the only way to exhibit 
that fact in its true light is to treat the invariable local 
form as a distinct species, even though it does not oifer 
better distinguishing characters than do the extreme 
forms of the variable species. Cases of this kind are 
the Omithoptera Priamus, which is confined to the 
islands of Coram and Amboyna, and is very constant 
in both sexes, while tho allied species inhabiting New 
Guinea and the Papuan Islands is exceedingly variable ; 
and in the island of Celebes is a species closely allied to 
the variable P. Severus, but which, being exceedingly 
constant^ I have described as a distinct species under 
the name of Papilio Pertanax. 

2. PolymorpMsm or dimorphism. — By this term I 
understand the co-existence in the same locality of two 
or more distinct forms, not connected by intermediate 
gradations, and all of which are occasionally produced 
from common parents. These distinct forms generally 
occur in the female sex only, and their offspring, in- 
stead of being hybrids, or like tho two parents, appear 
to reproduce all the distinct forms in varying propor- 
tions. I believe it will be found that a considerable 
number of what have been classed as vaneitei are leally 
cases of polymorphism. Albmoifem and melanism are 
of this character, as well as roost of those eases m 
which well-marked varieties occur in company with the 
parent species, but without anj intermediate iorms If 
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these Jiatinct forms breed independently nnl t neicr 
repioluced from a com non p went they must be c ii 
8iderel is se{ irite specie? contact without mtecmi-i 
ture beiiij, a good test of eppciftc diflerence On tl i- 
other haul, mteicrossmg without producing an inter 
mediate race is a tc9fc of dimorphism I eon&i 1 i , 
theiefore, that under any circumstinces the teim 
'\'\nety is wiongly apphcd to such eases 

Tlie Malayan Pipihonilse exhibit some ^erycuiious 
instances of polymorphism, some of whi h ha\e been 
recorded as varieties others as di&tinct fpecie'i and 
they all occur in the femiL se\ Pipiho Memnon 
is one of the most stu! mg is it exhibits the mixture 
of simple variabilit J , local anl polymorph c foims, t11 
hitherto classed under t! e co nmou title of vineties 
The polymorphism is strikingly exhibited by the fe 
males, one set of which resemble the miles in foim 
with, a variable paler eolourmg the otheis ha^e a 
large spatulate tad to the lun ler wings and a distinct 
style of colouring, which causes them cbsely to lesem 
hie P. Ooon, a species having the two se'sc* alike and 
inhabiting the same countries, but with which they have 
no direct affinity. The tailless females exhibit simple 
variability, scarcely two being found exactly alike even 
in the same locality. The males of the island of Borneo 
exhibit constant differences of the mider surface, and 
may therefore be distinguished as a local form, while 
the continental specimens, as a whole, offer such large 
and constant differences from those of the islands, that 
I am inclined to sepai-ato them as a distinct species, to 
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h 1 tl e name P. Androgeus (Cramer) may be ap- 
1 1 I \ie havo here, therefore, distinct species, local 
f n \ Ijmorphism, and simple variability, which 
s t n to be distinct phenomena, but which have 
b en 1 th to all classed together ss varieties. I may 
n nt n ti at the fact of these distinct forma being one 
I doubly proved. The males, the tailed and 

ta 11 f nales, have all been bred from a single group 
f the la SB, by Messrs. Payen and Bocarme, in Java, 
n 1 1 n J If captured, in Sumatra, a male P. Memnon , 
nl t 1 d female P. Achates, under circumstances 
wh h 1 d me to class them as the same species. 

P J 1 o Panimon offers a somewhat similar case, 
the female was described by Linnjeus as P. Polytes, 
and was considered to be a distinct species till Wes- 
tormann bred the two from the same larvie (see 
Boisduval, " Species General des Lfpidop teres," p. 272). 
They were therefore classed as sexc9 of one species by 
Mr. Edward Doubleday, in his " Grenera of Diurnal 
Lepidoptera," in 1846. Later, female specimens were 
received from India closely resembling the male in- 
sect, and this was held to o\ei throw the authority of 
M. Westermann's observation, and to re-establish P. 
Polytes as a distinct species; and as such it accord- 
ingly appears in the British Museum List of Papilio- 
nidffi in 1856, and in the Catalogue of the Bast India 
Museum in 1857. This discrepancy is explained by the 
fact of P. Pammon having two females, one closely re- 
sembling the male, while the other is totally different 
from it. A long familiarity with this in^^ect (wltich 
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replaced ty local forms or by closeJy allied species, occurs 
in every island of tlie Archipelago) lias convinced me 
of the correctness of this statement ; for in every place 
where a male allied to P. Pammon is fonnd, a female 
resembling P. Poly tea also occurs, and sometimes, 
though less frequently than on the continent, another 
female closely resembling the male : while not only has 
no male specimen of P. Polytes yet been discovered, 
but the female (Polytes) has never yet been found in 
localities to which the male (Pammon) does not extend. 
In this case, as in the last, distinct species, local forms, 
and dimorphic specimens, have been confounded under 
the common appellation of varieties. 

But, besides the true P. Polytes, there are several 
allied forms of females to be considered, namely, P. 
Theseus (Cramer), P. Mclanides (De Haan), P. Eiyros 
(G. E. Gray), and P. Romulus (Linnsus). The dark 
female figured by Cramer as P. Theseus seems to be 
the common and perhaps the only form in Sumatra, 
whereas in Java, Borneo, and Timor, along with males 
quite identical with those of Sumatra, occur females 
of the Polytes form, although a single specimen of 
the true P. Theseus taken at Lombock would seem to 
show that the two forms do occur together. In the 
allied species found in the Philippine Islands (P. Al- 
phenor, Cramer = P. Ledebouria, Esehscholtz, the 
female of which is P. Eiyros, G. B. Gray,) forms 
corresponding to these extremes occur, along with a 
number of intermediate varieties, as shown by a fine 
series in the British Museum. We have here an 
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indication of how dimorphism may be produced ; for 
let the extreme Philippine forma be better suited to 
tlieir conditions of existence than the intermediate 
connecting links, and the latter will gradually die 
out, leaving two distinct forms of the same insect, 
each adapted to some special conditions. As these 
conditions are sure to vury in different districts, it 
will often happen, as in Sumatra and Java, that the 
one form will predominate in the one island, the 
other in the adjacent one. In the island of Borneo 
there seems to be a third form ; for P. Melauides 
(De Haan) evidently belongs to this group, and has 
all the chief characteristics of P. Theseus, with a 
modified colouration of the hind wings. I now come 
to an insect which, if I am correct, offers one of the 
most interesting eases of variation yet adduced, Pa- 
pilio Eomulus, a butterfly found over a large part of 
India and Oeylon, and not uncommon in collections, 
has always been considered a true and independent 
species, and no suspicions have been expressed regard- 
ing it. But a male of this form does not, I believe, 
exist. I have examined the fine series in the British 
Museum, in the E^t India Company's Museum, in 
the Hope Museum at Oxford, in Mr, Hewitson's and 
several other private coUeotions, and can find nothing 
but females ; and for this common butterfly no male 
partner can be found except the equally common P. 
Pammon, a species already provided with two wives, 
and yet to whom we shall be forced, I believe, to 
assign a third. On carefully examining P, Romulus, 
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I find that in all essential characters — the form and 
texture of the wings, the length of the antennae, the 
spotting of the head and thorax, aad even the peculiar 
tints and shades with which it is ornamented — it 
corresponds exactly with the other females of the 
Pammon group ; and though, from the peculiar mark- 
ing of the fore wings, it has at first sight a very dif- 
ferent aspect, yet a closer examination shows that 
every one of its markings conld be produced by slight 
and almost imperceptible modifications of the various 
allied forms. I fully believe, therefore, that I shall 
be correct in placing P. Romulus as a third Indian 
form of the female P. Pammon, corresponding to P. 
Melanides, the third form of the Malayan P. Theseus. 
I may mention here tliat the females of this group 
have a superficial resemblance to the Polydorus group 
of Papilioa, as shown by P. Theseus having been con- 
sidered to be the female of P. Antiphus, and by P. 
Romulus being arranged next to P. Hector. There is 
no close affinity between these two groups of Papilio, 
and I am disposed to believe that we have here a 
case of mimicry, bi-ought about by the same causes 
which Mr. Bates has so well explained iu his account 
of the HelieoniiliB, and which has led to the singular 
exuberance of polymorphic forms in this and allied 
groups of the genus Papilio. I shall have to devote 
a section of my essay to the consideration of this 
subject. 

The third example of polymorphism I have to bring 
forward is Papilio OrnienuBj which is closely allied 
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to tlio well-known P. Ereclitheus, of Anstralia. The 
most common form of the female also resembles that, 
of P. Erechtheus ; but a totally different-looking in- 
sect was foimd by myself in the Aru Islands, and 
figured by Mr. Hewitsoa under the name of P. Ones- 
imus, which subsequent observation has convinced me 
is a second form of the female of P. Ormenus. Com- 
parison of this with Eoisduval's description of P. 
Araanga, a specimen of which from New Gtuinoa is 
in the Paris Museum, shows the latter to be a closely 
similar form ; and two other specimens were obtained 
by myself, one in the island of Goram and the other in 
Waigiou, all evidently local modifications of the same 
form. In each of these localities males and ordinary 
females of P, Ormenus were also found. So far there 
is no evidence that these light- coloured insects are 
not females of a distinct ^ecies, the males of which 
liave not been discovered. But two facts have con- 
vinced me this is not the case. At Dorey, in New 
Guinea, where males and ordinary females closely 
allied to P. Ormenus occur (but which seem to mo 
worthy of being separated as a distinct species), I 
found one of these light- coloured females closely fol- 
lowed in her flight by three males, exactly in the same 
manner as occurs (and, I believe, occurs only) with 
the sexes of the same species. After watching them 
a considerable time, I captured the whole of them, and 
became satisfied that I had discovered the true rela- 
tions of this anomalocB form. The next year I had 
corroborative proof of the correctness of this opinion 
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by the discovery in the island of Batchian of a new 
species allied to P. Ormentis, all the females of which, 
either seen or captured by me, were of one form, and 
mucli more closely resembling the abnormal light- 
coloured females of P. Ormenus and P. Pandion than 
the ordinary specimens of that sex. Every naturalist 
will, I think, agree that this is strongly confirmative 
of the supposition that both forms of female are of 
one species ; and when we consider, furtlier, that in 
four separate islands, in each of which I resided for 
several months, the two forma of female were obtained 
and only one form of male ever seen, and that about 
the same time, M, Montrouzier in "Woodkrk Island, 
at the other extremity of New Guinea (where he 
lesided several years, aJid must have obtained all the 
large Lepidoptora of the island), obtained females 
closely resembling mine, which, in despair at finding 
no appropriate partners for them, he mates with a 
widely different species — it becomes, I think, suffi- 
ciently evident this is anotlier case of polymorphism 
of the same nature as those already pointed out in 
r. Pamraon and P. Memnon, This species, howe\'ei*, 
is not only dimorphic, but iaiimorphic ; for, in the 
island of Waigiou, I obtained a third female quite 
distinct from either of the others, and in some degree 
intermediate between the ordinary female and the 
male. The spoeimeii is particularly interesting to 
those who believe, with Mr, Darwin, that extreme 
difference of the sexes has been gradually produced 
by what he t«rms sexual selection, since it may be 
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supjosed to exhibit one of the int«rmediate steps iii 
ihat jrouess, A^hich his leen accidentally preserved m 
companj with its more favoured milt, though its 
e\trenie ririty (onh one specimLO hiMn^, been seen 
t) minj hnndieda of the othti foim) would indicate 
that it ma> hO n lecome e\tm(,t 

The only other cise of polj morphi'-m in the genus 
Papilio, afc all e^ml in interest to tho'ie I hivt, now 
br Ught ijrwiidj occurs m Americi, md we ht^e, 
foituoatelj, accuiate information about it Papiho 
Tumna is common 0\er almost the whole of tem 
perate Kmth Amciica anl the femile re'*Gmlle-' the 
mile ^erj closely A tot illy different looking insect 
hith m foim md colour, Papilio Grlaucns, inhabits the 
Kline regjcn and though, down to the time when 
Boisdmii jubhshed his Species (x^neial, no con- 
noMonwas tuppjsedto exist between the two species, 
it IS now well iseerfcamed thit P Gliucns is "» st-cond 
femile f im of P Turnus In the " Proceedmfc,'- 
of the Entomrlog cal Society of Philadelphia, Jin , 
lbb3 Ml Walsh gives i \ery mteie^ting aceoimt ot 
the distribution of thi=i species He tells us th'^t m 
the New Englmd States and m Now Y^ik all the 
femiles are yellow, while m Illinois and further south 
alt are biick, in the intermediate region both blick 
and yellow femiles occur in viijin^ piopoition'- 
Lat ^7° IS approxira itel} the southern lirait of thf 
yellow form, md 42° the noithein limit of tie black 
form and, to lender the proof complete both hlick 
and yellow insects haie lieen bred from i sin^^le bat h 
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of eggs He fuither stites tlitt, out of tlioiaaind^ 
of specimens, lie hab neier leen oi heird of inter 
mediate vaiietico between these foims In tlii? in- 
teresting e^imple we see the eiFetts of ktitudj m 
deteiminmc; the pioportii-ns in whith the mJi^iduala 
of each form should e\i-it The conditnns ire here 
fi\oinal)le to the one foim, ilei^ to the othei , but 
we ire by no meins to suppce thit these Londitioaa 
tonsist m chinate ilone It is highly probable that 
the existence of enemie'?, and of competing foims of 
hfe, may be the mam determining influencea , and 
It IS much to be wished that such a comjetent ob- 
server as BIi Walsh would endeavour to ascertim 
what lie tho adverse ciu?c9 which are most efficient 
in k(.ej.ing ilown the numbeia of cxdi of theie con- 
trasted forms 

Dimorphism of this 1 md in the animal kingdom 
does not seem to ha^e m} direct relituns to the 
reproductive powers, as Mr. Darwin has shown to 
be the case in plants, nor does it appear to be very 
general. One otlier case only is known to me in 
another family of my eastern Lepidoptera, the Pier- 
id£e ; and but few occur in the Lepidpptera of other 
countries. The spring and autumn broods of some 
European species differ very remarkably; and this 
must be considered as a phenomenon of an analo- 
gous though not of an identical nature, while the 
Araschnia prorsa, of Central Europe, is a striking 
example of this alternate or seasonal dimorphism, 
Among our nocturnal Lepidoptera, I am informed, 
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many analogous cases occur ; and as the whole 
history of many of these has been investigated by 
breeding successive generations from the egg, it is 
to be hoped that some of our British Lepidopterista 
will give us a connected aecount of all the abnormal 
phenomena which they present. Among the Coleop- 
tera Mr. Pascoe has pointed out the existence of two 
forms of the male sex iu seven species of the two 
genera Xenocerus and Mecocerus belonging to Ihe 
family Antljribidie, (Proc. Eat. Soc. Lend., 18G2); 
and no less than six European Water -beetles, of the 
genus Dytiscus, have females of two forms, the most 
common having the elytra deeply sulcatc, the rarer 
smooth as in the males. The three, and sometimes 
four or more, forms under which many Hymenop- 
terous insects (especially Ants) occur, must be con- 
sidered as a related phenomenon, though here each 
form is specialized to a distinct function in the 
economy of the species. Among the higher animals, 
albinoism and melanism may, as I have already stated, 
lie considered as analogous facts ; and I met with 
one case of a bird, a species of Lory (Eos Juscata), 
clearly existing under two differBntly coloured forms, 
since I obtained both sexes of each from & single 
flock, while no intermediate specimens have yet been 
found, 

The fact of the two sexes of one species differing 
very considerably is so common, that it attracted but 
little attention till Mr, Darwin showed how it could 
in many cases he explained by the principle of 
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sexua! selection. For instance, in most poijgamoua 
animals tho males fight for the possession of the 
females, and the victors, always becoming tho pro- 
genitors of the succeeding generation, impress upon 
their male oifspring their own superior size, strength, 
or imusually developed offensive weapons. It is thus 
that we can account for the spurs and the superior 
strength and size of the males in Gallinaceous birds, 
and also for the large canine tusks in the males of 
ftuit-eating Apes. So the superior beauty of plumage 
and special adornments of the males of so many birds 
can be explained by supposing (what there are many 
facts to prove) that the females prefer the most bean- 
tifnl and perfect-plumaged males, and that thus, slight 
accidental variations of form and colour have been 
accumulated, till they have produced the wonderful 
train of the Peacock and the gorgeous plumage of 
the Bird of Paradise. Both these causes have no 
doubt acted partially in insects, so many species 
possessing horns and powerful jaws in the male sex 
only, and still more frequently the males alone re- 
joicing in rich colours or sparkling lustre. But there 
is hei-e another cause which has led to sexual differ- 
ences, viz., a special adaptation of tho sexes to diverse 
habits or modes of life. This is well seen in female 
Butterflies (which are generally weaker and of slower 
flight), often having colours better adapted to con- 
cealment; and in certain South American species (Pa- 
pilio tori^uatus) the females, which inhabit the forests, 
resemble the JSneas group of Papilios which abound 
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in similar localities, while the malea, which frequent 
the sunny open river-banks, have a totally different 
colouration. In these cases, therefore, natural selec- 
tion seems to have acted independently of sexual 
selection ; and all such cases may be considered as 
examples of the simplest dimorphism, since the off- 
spring never offer intermediate varieties between the 
parent forms. 

The phenomena of dimorphism , and polymorphism 
may be well illustrated by supposing that a blue-eyed, 
flaxen-haired Saxon man had two wives, one a black- 
haired, red-skinned Indian squaw, the other a woolly- 
headed, sooty-skinned negress— and that instead of the 
children being mulattoes of brown or dusky tints, 
mingling the separate characteristics of their parents 
in varying degrees, all the boys should be pure Saxon 
boys like their father, while the girls should altogether 
resemble their mothers. This would he thought a 
sufficiently wonderful fact; yet the phenomena here 
brought forward as existing in the insect-world are 
still more extraordinary ; for each mother is capable 
not only of producing male ofPspring like the father, 
and female like herself, but also of producing other 
females exactly like her fellow-wife, and altogether 
differing from herself. If an island could be stocked 
with a colony of human beings having similar phy- 
siological idiosyncrasies with Papilio Fammon or 
Papilio Ormenus, we should see white men living 
with yellow, red, and black women, and their off- 
spring always reproducing the same types ; so that 
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at tile end of many generations the men would remain 
pure white, and the womea of the sajae well-marked 
races as at the commencement. 

The distinctive character therefore of dimorphism 
is this, that the union of these distinct forms does 
not produce intermediate varieties, but reproduces the 
distinct forms unchanged. In simple varieties, on the 
other hand, aa weli as when distinct local forms or 
distinct species are crossed, the offspring never re- 
sembles either parent exactly, but is more or less in- 
termediate between them. Dimorphism is thus seen to 
be a specialized result of variation, by which new phy- 
siological phenomena have been developed ; the two 
should therefore, whenever possible, be kept separate. 

3. Local form, or variety. — This is the first step in 
the transition from variety to species. It occurs in 
species of wide range, when groups of individuals have 
become partially isolated in "teveral points of its area 
of distribution, in each of which a characteristic form 
has become more or less completely segregated. Such 
forma are very common in all parts of the world, and 
have often been cla'-sed by one author as varietie=!, by 
another as species. I restrict the term to those cases 
where the difference of the forms is very slight, or 
where the segregation is more or less imj.erfect. The 
best example in the present group is Papilio Agamem- 
non, a species which ranges over the greater part of 
tropical Asia, the whole of the Malay archipelago, 
and a portion of the Australian and Pacific regions, 
The modifications are principally of Bize and form, 
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and, thoiigh. slight, are tolerably constant in each local- 
ity. The steps, however, are so numerous and gradual 
that it would he impossible to define many of them, 
though the extreme forms are sufficiently distinct. Pa- 
pilio Sarpedon presents somewhat similar hut less nu- 
merous variations. 

4. Co-eisisting Varwty. — This is a somewhat doubtful 
case. It is when a slight but permanent and heredi- 
tary modification of form exists in company with the 
parent or typical form, without presenting those inter- 
mediate gradations which would constitute it a ease 
of simple variability. It is evidently only by direct 
evidence of the two forms breeding separately that this 
can be distinguished irom dimorphism. The difficulty 
o cu n Pai 1 o Jason, and P. Bvemon, which ia- 
haV t the s n e localities, and are almost exactly alike 
n f n e and colouration, escept that the latter 
al ays wa ts ^ very conspicuous red spot on the under 
surf e wl h a found not only in P. Jason, but in all 
the allied species. It is only by breeding the two in- 
sects that it can be determined whether this ie a case of 
a co-existing variety or of dimorphism. In the former 
case, however, the difference being constant and so very 
conspicuous and easily defined, I see not how we could 
escape considering it as a distinct species. A true case 
of co-existing forms would, I consider, be produced, if 
a slight variety had become fixed as a local form, and 
afterwards been brought into contact with the parent 
species, with little or no intermixture of tjie two ; and 
such instances do very probably occur. 



Hn^lcdbyGoOglc 



160 THE MALAYAN PAPILTOmD^ AS 

5. Race or anbspeciea. — These are local forma com- 
pletely fixed and isolated ; and there is no possible test 
but individual opinion to determine which of them shall 
be considered as species and which varieties. If sta- 
bility of form and " the constant transmission of some 
chaTOcteristic pecuHaHty of organization " is the test of 
a species (and I can find no other test that is more 
certain than individual opinion) then every one of 
these fixed races, confined as they almost always are 
to distinct and limited areas, must be regarded as a 
species ; and as such I have in most cases treated them. 
The various modifications of Papilio Ulysses, P, Peran- 
thus, P. Codi-us, P. Eurypilus, P. Helenus, &c, are 
excellent examples; for while some present great and 
well-marked, others offer slight and inconspicuous dif- 
ferences, yet in all cases these differences seem equally 
fixed and permanent. If, therefore, we call some of 
these forms species, and others varieties, we introdnce a 
purely arbitrary distinction, and shall never be able to 
decide where to draw the line. The races of Papilio 
Ulysses, for example, vary in amount of modification 
from the scarcely differing New Gruinea form to those 
of Woodlark Island and New Caledonia, but all seem 
equally constant ; and as most of these had already 
been named and described as species, I have added the 
New Guinea form under the name of P. Autolycus. 
We thus get a little group of Ulyssine Papilios, the 
whole comprised within a very limited area, each one 
confined to a separate portion of that area, and, though 
differing in various amounts, each apparently constant. 
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l^'ew naturalists will doubt that all these may sxlA pro- 
bably have been derived from a common stock, and 
therefore it seems desirable that there should be a unity 
in our method of treating them ; either call them all 
varieties or all species. Yarieties, however, continually 
get overlooked; in lista of species they are often alto- 
gether unreoords^ ; and thus we are in danger of 
neglecting the interesting phenomena of variation and 
distribution which they present. I think it advisable, 
therefore, to name all such forms ; and those who will 
not accept them as species may consider them as sub- 
species or races. 

6. Species. — Species are merely those strongly 
marked races or local forms which when in contact 
do not intermix, and when inhabiting distinct areas 
are generally believed to have had a separate origin, 
and to be incapable of producing a fertile hybrid 
offepring. But as tho test of hybridity camiot he 
applied in one case in ten thousand, and even if it 
could be applied would prove nothing, since it is 
founded on an assumption of the very question to be 
decided— and as the test of separate origin is in every 
case inapplicable — and as, further, the test of non- 
intermixture is useless, except in those rare cases 
where the most closely allied species are found in- 
habiting the same area, it will be evident that we 
have no means whatever of distinguishing so-called 
"true species" irom the several modes of variation 
here pointed out, and iuto which they so often pass 
by an insensible gradation. It is quite true that, iu 
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the gt it imjojity of ca^es, whit we teim " species" 
aie so well mirhi-d and definite that there is no dit- 
fereucB of opinion about them , hut is the test of a 
true theory is, thit it accounts foi, or it the verj 
Li''t IS not inconhiatent with, the whole of the phe- 
nomena md appircnt anomilies of tht pioblem to be 
sohed, it IS reisonible to isk tbit tho^e who deny 
the origin of species by vmition lud selecti n should 
grapple with the facts m detiil, and show how the 
doctrine ot tht distinct oiigin and peimanenco of 
species will expli n ind hiimonize them It has been 
lecently is^eited bj Dr J E Gny ( n the Pioceed- 
ingb of the Zoologicil Souety tor 1&G3, pige 13i), 
thit the difficulty of limiting species is m propoition 
to our ignoiancL, ind thit junt i>. gioups oi comitiies 
are more accuratel) l-uown ind stuiied in sjieitei 
leta 1 the hmits of species become settled This state 
mont his, like many other geuenl iftertions, its por- 
tion of both tmth ind eiior Theie is no doubt that 
many imcertiin species, founded on few oi isolated 
spei,imens, hive had their tiue nature determined by 
the study of a good seiies of examples they hi\e 
1 een thereby estiblished as species or as vaneties 
and the numbei of times this has occuried is doubtless 
\erv gte'it But there aic other, and equally tiust- 
woithy eases m which, not single species, but whole 
groups have, bv the study of a %ast lecumuhtion of 
miteiiils, been proved to have no definite speohc 
limits A few cf the'*e must bt adduced In Dr 
Caipcntci Inti ! iction to the htuly cf the Pin 
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minifera," he states that " tliere is not a single specimen 
of plant or animal of which the range of variation has 
been studied by the coSoeation and comparison of so 
large a numher of spemmem as have passed under the 
reeiew of Messrs. Williamson, Parker, Rupert Jones, and 
myself, ill our studies of t!ie types of this group ; " and 
the result of this extended comparison of specimens 
is stated to be, " TJie range of varUtUon is so great 
among the Foraminifera as to incltide not merely those 
differential characters which have been ustioMy accounted 
SPECIFIC, but also those upon which tJie greater part 
of the G'S'SERA of this group have been founded, arid even 
in some imtances tliose of its orders " (Foraminifera, 
Preface, x). Yet this same group had been divided 
by D'Orbigny and other authors into a number of 
clearly defined families, genera, and species, which these 
carefvd and conscientious researches have shown to 
have been almost all founded on incomplete knowledge. 
Professor DeCandolle has recently given the results 
of an extensive review of the species of CupuUferfe. 
He finds that the best-known species of oaks are those 
which produce most varieties and subvarieties ; that 
they are often surrounded by provisional species; 
and, with the fullest materials at his command, two- 
thirds of the species he considers more or less doubt- 
ful. His general conclusion is, that " in botany tlie 
lowest series of groups, SUEVABIETIES, vakieties, and 
EACES are very badly limited ; these can he grouped into 
SPECIES a little less vaguely limited, which again can 
be formed into svjidently precise gekeea.." This 
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general conclusion is entirU^ objected to by the writer 
of tbe aiticle in the " Ntturil Histoiy Eevien, who, 
howevci, does not deny it9 ajphcibihtj to the pir- 
ticuKi order undei discussion, while this \ery difter- 
ence of opinion i-> another pioof that diiheulties m 
the deteimination of speeiei do not, mj more than 
in the higher groups, vanish with increasing inate- 
inls inl moie iccuiate le^sirch 

Another atriking example of the iime kind is seen 
in the genera Eubus and Eosa adduced by Mr 
Dirwin himself, lor though the amplest raiteiitis 
exist for 1 knowledge of these ^roupi and the most 
caiefnl icoearch has been bestowed ujon them, yet 
the vinous species ha\e not thereby been accurately 
hmited and defined so aa to aatiify the mijonty of 
botanists In Mr Bikers revision of the British 
Eoses, just published bj the Linna,an Society, the 
author includes under the single <ipecies Rosi canma 
no less than twent}-eight mmed luifi'"' distin- 
guished bymoie or less constinfc charicters and often 
confined to sf ecnl lociht es , and to the e iie referred 
about seventy of the ^jenes of Continental and Biitish 
botanist" 

Di Hooler seems to hi^e found the sime thing 
in his study of the Arctic fieri For though he his 
had much of the accumulated mateiiils of his pre- 
decessors to m oik upon, he continudly expresses him- 
self as unable to do more than group the numerou-- 
and apparently fluctuating forms mto moie oi less im 
perfcctlj detm i species In his p\[er on the 'D15- 
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tribution of Arctic Plants," (Trans. Linn. Soc xxiii., 
p. 310) Dr. Hooker says ; — " The most able and ex- 
perienced descriptive botanists vary in their estimate 
of the value of the ' specific term ' to a much greater 
extent tban is generally supposed." . . "I think 
I may safely affirm that the ' specific term ' has three 
different standard values, all current in descriptive 
botany, but each more or less confined to one class 
of observers." . . "This is no question of what 
is right or wrong as to the real value of the spe- 
cific term ; I believe eaeh is right aecordiug to tlie 
standard he assumes as the specific." 

Lastly, I will adduce Mr. Bates's researches on the 
Amaj;ons. During eleven years he accumulated vast 
materials, and carefully studied the variation and dis- 
tribution of insects. Yet he has shown that many 
species of Lepidoptera, which before offered no special 
difficulties, are in reality most intricately combined 
in a tangled web of affinities, leading by such gradual 
steps from the slightest and least stable variations to 
fixed races and well-marked species, that it is very 
oftea impossible to draw those sharp dividing-lines 
which it is supposed that a careful study and full 
materials will always enable us to do. 

These few examples show, I think, that in every 
department of nature there occur instances of the in- 
stability of specific form, which the increase of mate- 
rials aggravates rather than diminishes. And it must 
he remembered that the naturalist is rarely likely to 
err on the side of imputing greater indefiniteness to 



Hn^lcdbyGoOglc 



106 THE MALAYAN PAFILIOMD-^ AS 

species than really exists. There is a completeness 
and satisfaction to the mind in defining and limiting 
and naming a species, which leads wm all to do so 
whenever we conscientiously can, and which we know 
has led many collectors to reject vagno intermediate 
forms as destroying the aymmtitry of their cabi- 
nets. We must therefore consider these cases of ex- 
cessive variation and instability as being thoroughly 
well established ; and to the objection that, after all, 
these eases are bnt few compared with those in which 
species can be limited and defined, and are therefore 
merely exceptions to a general rule, I reply that a 
true law embraces al! apparent exceptions, and that 
to the groat laws of natnre there are no real excep- 
tions — that what appear to be such are equally results 
of law, and are often (perhaps indeed always) those 
very results which arc most important as revealing 
the true nature and action of the law. It is for such 
reasons that naturalists now look upon the study of 
varieties a? more important than that of well-fixed 
species. It is in the former that we see nature still 
at work, in the very act of producing those wonderful 
modifications of form, that endless variety of colour, 
and that complicated harmony of relations, which 
gratify every sense and give occupation to e\eiy 
faculty of the true lover of nature. 

Variation as specially influenced hy LomlitT/. 

The phenomena of variation as influenced by locality 

have not hitherto received much attention. Botanists, 
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it IS true, aie acquiinted with the influeiicps of climate, 
altitude, ind other physieil eontlitions in molifying 
the foiras and exteiml chanctenstics of plants , but 
I am not awaie tl it any peculinr influen e his been 
tnced to locahty, indepen lent of cl mito Almost 
the only cise I can find lecorled is mt-ntuned m 
til t repertoiy of natuni histoiy fact', "The Oiigm 
of &peoies, via that herhiceous j,ioup3 hwe % ten 
dency to become aiboroil in islanls In the animal 
■woild, I cmnot find tl at my fiet& have been pointed 
ont as showing the spec al influence of locality in 
giving 1 peculiar faci s to the several disconnected 
species that mhab t it T\ hat I hi^e to adduce on 
tins matter \m\1 thLrefore, I hope, possess some in- 
teiest and novelty 

On eximiniug the obsely allied species, local foims, 
and -larieties distributed over the Inhin ind Mali} an 
regions, I find that lai^er or smaller distiicts, oi even 
single islands, gi\e a special ch^ractci to tho mijority 
of their P\p lionidse I"oi instance 1 The species 
of the Indian legion (Sumatra Java, and Bomec) 
are almost invariably smaller than the allied species 
inhabiting Celebes and the Moluccas ; 2. The species 
of New Guinea and Australia are also, though in a 
less degree, smaller than the nearest species or va- 
rieties of the Moluccas ; 3. In the Moluccas them- 
selves the species of Amboyna are the largest; 4. 
The species of Celebes equal or even surpass in size 
those of Amboyna; 5. The species and varieties of 
Celebes possess a striking oharaetor in the form of 
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tte anterior winga, different from that of tte allied 
species and varieties of all the snrrounding islands ; 
6. Tailed species in India or the Indian region become 
tailless as they spread eastward through the archi- 
pelago ; 7. In Amboyna and Ceram the females of 
several species are dull -coloured, while in the adjacent 
islands they are more brilliant. 

Local variation of (Swre.— Having preserved the finest 
and largest specimens of Butterflies in my own col- 
lection, and having always taten for comparison the 
largest specimens of the same sex, I believe that the 
tables I now give are sufliciently exact. The differences 
of expanse of wings are in most cases very great, and 
are nracb more conspicuous in the specimens themselves 
than on paper. It will be seen that no less than four- 
teen PapilionidK inhabiting Celebes and the Moluccas 
are from one-third to one-half greater in extent of wing 
than the allied species representing them in Java, Su- 
matra, and Borneo. Six species inhabiting Amboyna 
are larger than the closely allied forms of the northern 
Moluccas and New Guinea by about one-sixth. These 
include almost every case in which closely allied 
species can be < 



Ornitbopteia Helena f 0. Pompeus . 

Amboyna) 7-6 | 0. Amphrisiui 

Papilio Adamantiua j 

(Oelebea) 5-8 

P, Lorquimaaus (Mo- ^- P-srantliua 

luooaa) 4'8 ) 
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Speoiea of Papilionidie of tbe 
Moluccas and Celebes (large). 


Closely allied species of Java and 


tile Indian region (small). 


Eiparse. 




Espai.se. 


P. Blumd (Cdebes) ... h-i 


P. Brauia 


4-0 


P. Alplienor (Celebes)... 4'8 


P. Tlieseus ... 


3-6 


P. Gigon (Celebes) ... 5-4 


P. Demolion ... 


4-0 


P.Deuealion(Celebes)... 4-6 


P. Macareus ... 


3-7 


P. Agamenmon, tar. 






(Celebes) 4-4 




viir. ... 3 8 


P. Etirjpiltta (Moluccas) 4-0 


1 — 


3-4 


P.Telepliu8(Celebea)... 4-3 


P. ^gietiius (Moluccas) 4-4 


P. Rama 


3-2 


P. Milon (Celebes) ... 4-4 


P. Sarpedon ... 


3-8 


P.Aiidrocles(CelebeB),.. 4-8 


P. Antipbates 


3-7 


P. Polyplontea (Celebes) 4'6 


P. DipHlu3 ... 


3-9 


Leptociroua EnciuB 






(Celebes) 2-0 


L. Megos 


1-8 


Species inhabiting Ambojiia 
(large). 


Allied Epeeiea of N 


cw Guinea and 


tJie Horth Moluc 


caa (emidler). 


Papilio Uljsses 6*1 


f P.AutolycuB... 
1 P.Telegoaus... 


S-2 

4-0 


P.Polydorua 4-9 


P. Leodamas... 


4-0 


P. Deiptobus 68 


P. Deipbontes 


5-8 




f P. Ormenus ... 


5-6 


P. Gambrisius 6-4 


1 P. Tydeus ... 


6-0 


P. Codrna 5-1 


P. Oodrus, vav, 


papn- 




ensia 


4-3 


Ornitboptera Priamus, 


Ornitboptera Poseidon, 


(male) 8-3 


(male) 


7-0 



Local variation of Form. — The differences of form are 
equally clear. Papilio Pammon everywhere on the con- 
tinent is tailed in both sexes. In Java, Sumatra, and 
Borneo, the closely allied P. Theseus has a very short 
tail, or tooth only, in the male, while in the females the 
tail is retained. Further east, in Celebes and the South 
Moluccas, the hardly separable P. Alphenor has quite 
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lost the tail in the male, while the female retains it, but 
■ in a narrower and less spatnlnte fonn. A little further, 
in Gilolo, P. Nicanor has completely lost the tail in 
both sexes. 

Papilio Agamemnon exhibits a somewhat similar 
Beries of changes. In India it is always tailed ; in 
the greater part of the archipelago it has a very short 
tail; while far east, in New Guinea and the adjacent 
islands, the tail has almost entirely disappeared. 

In the Polydorus-gronp two species, P. Antiphua 
and P. Diphilus, inhabiting India and the Indian 
region, are tailed, while the two which take their 
place in the Moluccas, Now Guinea, and Australia, 
P. Polydorus and P. Leodamas, are destitute of tail, 
the species furthest east having lost this ornament 
the most completely. 

Wefitem Bpecies, Tailed. Allied Eastom species not Tailed. 

Papilio Panimou (India) ... P. Theana (Islands) minute tail. 

P. Agamemnon, var. (India) P. Agamemnon, ■par. (Islands). 

P. Antiplma (India, Java) ... P. Polydorus (Moluccas). 

P. Diphilue (India, Java) ... P. Leodamas (New Guinea). 

The most conspicnoni mstince of locil modificition 
of toim, howeier, is exhibited m the lalind of Celebes, 
which m this re'-pect, as m some othtrs, stands T,lone 
and isohted m the whole aichqeligo Almo\te\ery 
species of Papilio inhabiting Celebes has the wings 
of a pecnhai shape, wluch distinguishes them at i 
ghnce from the allied species of evety othei i^lind 
This pecnhiiity consist*, fiist, ni the uppei winas 
bemg ^t,iierally more el ngite and tikatt, ml se- 
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condly, in the costa or anterior margin being much 
more curved, and in most instances exhibiting near 
the base an abrupt bend or elbow, which in some 
species is very conspicuous. TMa peculiarity is visible, 
not only when the Celebesian species are compared 
with their small-sized allies of Java and Borneo, but 
siko, and in an almost equal degree, when the large 
forms of Amboyna and tiie Moluccas are the objects 
of comparison, showing that this is quite a distinct 
jjlienomenon from the difference of size which has just 
been pointed out. 

In the following Table I have arranged the chief 
Fapilios of Celebes in the order in which they exhibit 
this characteristic form most prominently. 

Papilios of Celebes, haying tlie Cloaely allied Papilioa of the Bur- 
wings falcate or w itli abruptly rounding islajiib, with less falcate 

curved coeta. winga and Blightly ourrecl costa. 

1. P. Gigon P. Demolion (Java). 

2. P. Pamptjhia P. JaiSOtt (Sumatra). 

3. P. Miloa P. Sarpedou (Moluccas, Jara). 

4. P. Agamemntjn, vl'j-. ... P. Agamenrnan, var. (Borneo). 

5. P. Adamantius P. Peranbhtis (JaTa). 

6. P. Asoalaplias P. Deiphontes (Gilolo), 

7. P. Sataspes P. Helenus (Java). 

8. P. Blumci P. Brama (Somatra). 

9. P. Androdes P. Antipliates (Borneo). 

10. P. Rbesue P. Arietseus (Moluccas). 

11. P. Tteaeua, vav. (mule) ... P. Tliesua (male) (Java). 

12. P. Codi-HB, var P. Codrae (Moluccas). 

13. P. Eaceladea P. Lencothoe (Malticca). 

It thus appears that every species of Papilio exhibita 
this peculiar form in a greater or less degree, except 
one, P. Polypliontes, allied to P. Diphikis of India 
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and P. PolydoruB of tlie Moluccas. This fact I shall 
rocur to again, as I think it helps ua to understand 
sometliing of the causes that may have brought about 
the phenomenon we are considering. Keithor do the 
genera Omithoptera and Leptoeircus exhibit any traces 
of this peculiar form. In several other families of 
Butterflies this characteristic form reappears in a few 
species. In the Pieridai the following species, all 
peculiar to Celebes, exhibit it distinctly : — 

with P. Ooronia (Java). 

„ Thyca Descomhesi 
(India). 

„ T. Hjparete (Javal. 

„ T. Lyncida. 

„ T. Ljneida. 

„ T. Wero (Malacca). 

„ T. Nephele. 

„ Ercnia Taleria 

„ Iphias Glaucippo 
(Java). 

The species of Terias, one or two Pierisj and the genus 
Callidryas do not exhibit any perceptible change of 
form. 

In the other families there are but few similar 
examples. The following are all that I can find in my 
collection : — 



1. Pieris Eperia 

2. ThycaZebuda 

3. T. Eosenbergii 

4. Tachyris Hombronii ., 

5. T. Lycaete 

6. T. Zarinda. 

7. T. Ithome 

8. Eronia tritfea ... 

9 IpLiaa Glaucippe, va 



CethoBia. M(As 
EurHnia megaJor 



Limenitia Limire 



compared with Cettosia Biblia (Java). 
„ „ Eurhinia Poly nice 

(Borneo). 
„ „ Limenifcis Eroci'is 

(J.™). 

„ „ Cyntliia Areinoe (Java, 

Sumatra, Borneo) 
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All these belong to the family of the Nymphalida?. 
Many other genera of this family, as Diadema, Adolias, 
Charaxea, and Cyrestis, as well aa the entire families 
of the Danaidfc, Satyridje, Lyefenidse, and Hesperidfe, 
present no examples of this peculiar form of the upper 
wing in the Celebesian species. 

Local variations of Colour'. — In Amboyna and Ceram 
the female of the large and handsome Ornifchoptera 
Helena has the large patch on the hind wings con- 
stantly of a pale didl ochre or bnfF colour, while in 
the scarcely distinguishable varieties from the adjacent 
islands of Bourn and New Gkiinea, it is of a golden 
yellow, hardly inferior in brilliancy to its colour in 
the male sex. The female of Ornithoptera Priamus 
(inhabiting Amboyna and Ceram exclusively) is of a 
pale dusky brown tint, while in all the allied species the 
same sex is nearly black with contrasted white marfe- 
ings. As a third example, the female of Papilio Ulysses 
has the blue colour obscured by dull and dusliy tints, 
while in the closely allied species from the surrounding 
islands, the females arc of almost as brilliant an azure 
blue as the males, A parallel case to this is the occur- 
rence, in the small islands of Goram, Matabello, Ke, 
and Aru, of several distinct species of Eupleea and 
Diadema, having broad bands or patches of white, 
which do not exist in any of the allied species from 
the larger islands. These facts seem to indicate some 
local influence in modifying colour, as unintelligible 
and almost as remarkable as that which has resulted 
in the modifications of form previously described. 
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Remarks on the facts of Local variation. 

The facts now brought forward seem to me of the 
highest inteceat. We see that ahnost all the speciea 
in two important famihcs of tho Lepidoptera (Papi- 
Uonidffl and Pietid^) acquire, in a single island, a 
characteristic modiSeation of form distinguishing them 
from the allied species and varieties of all the sur- 
rounding islands. In other equally extensive families 
no such change occurs, except in one or two isolated 
species. However we may account for these pheno- 
mena, or whether we may be quite unable to account 
for them, they furnish, in my opinion, a strong cor- 
roborative testimony in fevour of the doctrine of the 
origin of species by successive small variations ; for 
we have here slight varieties, local races, and un- 
doubted species, all modified in exactly the same 
manner, indicating plainly a common cause producing 
identical results. On the generally received theory 
of the original distinctness and permanence of species, 
we are met by this difficulty : one portion of these 
curiously modified forms are admitted to have been 
produced by variation and some natural action of local 
conditions; whilst the other portion, differing from 
the former only in degree, and connected with them 
by insensible gradations, are said to have po^essed 
this peculiarity of form at their first creation, or to 
have derived it from unknown causes of a totally dis- 
tinct nature. Is not the a priori evidence in favour 
of an identity of the causes Eluit have produced such 
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similar results ? and liave wo not a rigiit to call upon 
our opponents for some proofs of their own doctrine, 
and for an explanation of its difficulties, instead of 
their assuming that they are right, and laying upon 
us the burthen of disproof? 

Let ns now see if the facts in question do not them- 
selves furnish some due to their explanation. Mr. 
Bates has shown that certain groups of butterflies have 
a defence against insectivorous animala, independent 
of swiftness of motion. These are generally very 
abundant, slow, and weak fliers, and are more or less 
the objects of mimicry by other groups, which thus 
gain an advantage in a freedom fi'om persecution 
similar to that enjoyed by those they resemble. Now 
the only Papilios which have not in Celebes acquired 
the peculiar form of wing, belong to a group which is 
imitated both by other species of Papilio and by 
Moths of the genus Epicopeia. This group is of weak 
and slow flight; and we may therefore fairly conclude 
that it possesses some means of defence (probably in 
a peculiar odour or taste) which saves it from attack. 
Now the arched costa and falcate form of wing is gener- 
ally supposed to give increased powers of flight, or, as 
seems to me more probable, greater facility in maldng 
sudden turning, and thus baffling a pursuer. But the 
members of the Polydorus -group (to which belongs 
the only unchanged Celebesian Papilio), being already 
guarded against attack, have no need of this increased 
power of wing ; and " natural selection " would there- 
fore have no tendency to produce it. The whole family 
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of Danaidro are ia the same position : thoy are slow 
and weak fliers ; yet they abound in species and indi- 
viduals, and are the objects of mimicry. The Satyridaa 
have also probably a means of protection — perhaps their 
keeping always near the ground and their generally 
obscure colours; while the LycaBnidas and Hesperidje 
may find security in their small size and rapid motions. 
In the extensive family of the Nymphalid^e, however, 
we find that several of the larger species, of com- 
paratively feeble structure, have their wings modified 
(Cethosia, Limenitis, Junonia, Cynthia), while the large- 
bodied powerful species, which have all an excessively 
rapid flight. Lave exactly the same form of wing in 
Celebes as in the other islands. On the whole, there- 
fore, wc may say that all the butterflies of rather large 
size, conspicuous colours, and not very swift flight have 
been affected in the manner described, while the smaller 
sized and obscure groups, as well as tlioso which are 
the objects of mimicry, and also those of exceedingly 
Bwift flight have remained unaffected. 

It would thus appear as if there must be (or once 
have been) in the island of Cdebcs, some peculiar 
enemy to these larger-sized butterflies which does not 
exist, or is less abundant, in the surrounding islands. 
Increased powers of flight, or rapidity of turning, was 
advantageous in bafBing this enemy ; and the peculiar 
form of wing necessary to give this would be readily 
acquired by the action of "natural selection" on the 
slight variations of form that are continually occurring. 
Such an enemy one would naturally suppose to be 
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an insectivorous bird ; but it is a remarkable fact that 
most of the genera of Flycatchers of Borneo and Java 
on the one side (Muscipeta, Philentoma,) and of the 
Moluccas on the other (Monarcha, Rhipidura), are 
almost entirely absent from Celebes. Their place seems 
to be supplied by the Caterpillar-catchers (Grauca- 
lus, Campephaga, &c.), of which six or seven species 
are known from Celebes and are very numerous in 
individuals. We have no positive evidence that these 
birds pursue butterflies on the wing, but it is highly 
probable that they do so when other food is scarce. 
Mr. Bates has suggested to me that the larger Dragon- 
flies {.^shna, &c.) prey upon butterflies ; but I did not 
notice that they were more abundant in Celebes than 
elsewhere. However this may be, the fauna of Celebes 
is undoubtedly highly peculiar in every department of 
which we have any accurate knowledge ; and though we 
may not be able satisfactorily to trace how it has been 
effected, there can, I think, be little doubt that the 
singular modification in the wings of so many of the 
butterflies of that island is an effect of that complicated 
action and reaction of all living things upon each other 
in the struggle for existence, which continually tends 
to readjust disturbed relations, and to bring every 
species into harmony with the varying conditions of 
the surronnding universe. 

But even the conjectural explanation now given fails 
ns in the other cases of local modification. Why the 
species of the Western islands should be smaller than 
those further east, — why those of Amboyna should 
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exceed in size those of Gilolo and New Guinea — why 
the tailed species of India, should begin to lose that 
appendage in the islands, and retain no ti-ace of it on 
the borders of the Pacific, — and why, in three separate 
cases, the females of Amboyna species should he less 
gaily attired than tho corresponding females of the 
surrounding islands, — are questions which we cannot 
at present attempt to answer. That they depend, how- 
e^er, on some geneial principle is certain, because ana- 
logous ficts ha\e been observed m othei parts of tho 
wcrld Ml Bites informs me thit, m thioe distin;,t 
groups, Papihos i^hichon the Upper Amizon ind m 
mostothei parts of South Ameiiohi^e spotless upper 
wmgi obttin pale or white spots at Pxia and on the 
Lower Amazon, and also thit the iBneas-group of Pa- 
pihos never have tiils m tho equatoiial legions ind the 
Amazons valley, but graduallj acquiie tails m ma,ny 
cases as they lange towaid^ the noithem oi southern 
tiopie E\en m Euiope we ha^e somewhat similar 
facts, for the speLics and varieties of butterflies peculiar 
to tho i-land of feaidiiiia are generally smalLi and moio 
deepl} coloaied than those of tho mamlind, and the 
same has recently been shown to be the case with the 
common tortoiseshell butterfly m. the Isle ot Mm, 
whde Papilio Hospiton, pecuhai to the foimer island, 
has lost the tjiil, which is a prominent fciture of the 
closely .lUied P Machaon 

Tacts ot a similai mtuie to those now biought for- 
ward wonld no doubt be found to o cm in other 
gioup'i ot injects, weie Iol d fiuna'- c iiefuUv ■studied m 
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relation to those of the surrounding countries ; and 
they seem to indicate that climate and other physical 
causes have, in some eases, a very powerful effect in 
modifying specific form and colour, and thus directly 
aid in producing the endless variety of nature. 

Mhnicry. 

Having fully discussed this subject in the preceding 
essay, I have only to adduce such illustrations of it, as 
are furnished by the Eastern PapilionidEe, and to show 
their bearing upon the phenomena of variation already 
mentioned. As in America, so in the Old World, 
species of Danaidse are the objects which the other 
fiimilies most often imitite But besides these, some 
generi of Morphid'B and one section of the genus 
Papilio i\% also less fiequently copitd 'iiLva.^ species 
of P^j ilio mimic other species of thete three groups fco 
closely that they aie undistinguishable when tn the 
wm^ and m every i^aae the piirs whiJi leaembk 
each othei inhabit the same hcalit^ 

The follow mg hst exhibits the most important and 
be--t maiked cises of mimicry which occur ammg the, 
Papdionid^ of the Malaj an region and India — 

Mimioliecs. Spenies miraickeil. Common habitat. 

Dan AIDS. 

1. Papilio paradosa Euplrea Midamusl „ i_ ». 

(maJe k female) (male & .female) J Sumatra, &o. 

2. P. Caunua E. Eihadamanthus . Borneo and Su- 

matra. 

3. P. Thulo Dauaia eobrina ... New Guinea. 

i. P. MacaveuB ... D. Aglaia Malacca, Java 
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MimictfTB. 


Spceica mimictcd. 


CoHiuion habitat. 


5. 


PapilioAgestor... 


Dajiais Tjtia 


Fortberit India. 


6. 


P. Idteoides ... 


Hestia Leuconoe ... 


Philippines. 


7. 


P. Delossertii ... 


Idoopsia daoa 

MORPHIDS. 


Penang. 


8. 


P. Paiidion (fe- 








male) 


DrusiUa bicwulata . 


New Guinea. 




Papilio (Polydoeus- and CooN-groiips). 


9. 


P. Pammon (Eo- 








mulus.female),.. 


Papilio Hector .., 


. India. 


10. 


P. Tlieseiia, var. 








(female) 


P. Antiplius 


Sumatra.Eornco. 


11. 


P. Thesens, vai-. 








(female) 


P. DipliUue 


. Sumatra, Java. 


13. 


P. Memnon, var. 








{Achate, femfile) 


P. Coon 


. Sumatva. 


13. 


P.Androgeus.var, 








(Aohatea.lemale) 


P. DoTiHedayi ... 


. Noi-tlieni India. 


14, 


, P. (EnomaTiB (fe- 








male) 


P. LiriB 


. Timor. 



We have, therefore, fourteen species or marked varie- 
ties of Papilio, which so closely resemble species of 
other groups in their respective localities, that it is not 
possible to impute the resemblance to accident. The 
first two in the list (Papilio paradoxa and P. Caunus) 
are so exactly like Euploea Midamus and E. lihadaman- 
thus on the wing, that although they % very slowly, I 
was quite unable to distinguish them. The first is a 
very interesting case, because the male and female differ 
considerably, and each mimics the corresponding sex 
of the Euploea. A new species of Papilio which I 
discoYcred in New Guinea resembles Danaia sobrina, 
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from the aamQ country, just as Papilio Mai'careus re- 
semblea Danais Aglaia in Malacca, aad (according to 
Dr. Horsfieid's figure) stili more closely in Java. The 
Indian Papilio Agestor closely imitates Daaais Tytia, 
which has qnite a diUbrent style of colouring from the 
preceding ; and the extraordinary Papilio Id^eoides 
from the Philippine Islands, must, when on the wing, 
perfectly resemble the Hestia Leuconoe of the same 
region, as also does the Papilio Delessertii imitate 
the Ideopsis daos from Penang. Now in every one of 
these eases the Papilios are very scarce, while the 
Danaidaa which they resemble are exceedingly abun- 
dant — most of them swarmiug so as to be a positive 
nuisance to the coHocting entomologist by continually 
hovering before him when he is in search of newer and 
more varied captures. Every garden, every roadside, 
the suburbs of every village are full of them, indicating 
very dearly that their life is an easy one, and that 
they are free from persecution by the foes which keep 
down the population of loss favoured races. This 
superabundant population has been shown by Mr. 
Bates to be a general characteristic of all American 
groups and species which are objects of mimicry ; and 
it is interesting to find his observations confirmed by 
examples on the other side of the globe. 

The remarkable genus Drusilla, a group of pale- 
coloured butterflies, more or less adorned with ocellate 
spots, is also the object of mimicry by three distinct 
genera (Melanitis, Hyantis, and Papilio). These in- 
sects, like the Danaidae, are abundant in individuals. 
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have a very weak and slow flight, and Ao not seek 
concealment, or appear to have any moans of protec- 
tion from insectivorons creatures. It is natural to 
conclude, therefore, that they have some hidden pro- 
perty which saves them from attack; and it is easy 
to see that when any other insects, by what wo call 
accidental variation, come more or less remotely to 
resemble them, the latter will share to some extent in 
their immunity. An extraordinary dimorphic form of 
the female of Papilio Ormenus has come to resemble 
the Dnisillas sufficiently to be taken for one of that 
group at a little distance ; and it is curious that I cap- 
tured one of these Papilios in the Am Islands hovering 
along the ground, and settling on it occasionally, just 
as it is the habit of the Dnisillas to do. Tho resem- 
bianee in this case is only genera! ; but this form of 
Papilio varies much, and there is therefore material 
for natural selection to act upon, so as ultimately to 
produce a copy as exact as in the other cases. 

The eastern Papilios allied to Polydorus, Coon, 
and Philoxenus, form a natural section of the genus 
resembling, in many respects, the -^tlnoas-group of 
South America, which they may be said to represent 
in the East. Like them, they are forest insects, 
have a low and weak flight, and in their favourite 
localities are rather abimdant in individuals ; and like 
tiiem, too, they are the objects of mimicry. We may 
conclude, therefore, that they possess some hidden 
means of protection, which makes it useful to other 
insects to be mistaken for them. 
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The Papilios which resemble them belong to a very 
distinct section of the genus, in which the sexes differ 
greatly ; and it is those females only which differ most 
from the males, and which have already been alluded 
to as exhibiting instances of dimorphism, which resem- 
ble species of the other group. 

The resemblance of P. Eomnlus to P. Hector is, 
in some specimens, very considerable, and has led to 
the two species being placed folloiving each other in 
the British Museum Catalogues and by Mr. E. Double- 
day. I have shown, howeper, that P. Romulus is 
probably a dimorphic form of the female P. Pammon, 
and belongs to a distinct section of the genus. 

The nest pair, Papilio Theseus, and P. Antiphus, 
have been united as one species both by De Haan 
and in the British Museum Catalogues. The ordi- 
nary variety of P. Theseus found in Java almost as 
nearly resembles P. Diphilus, inhabiting tlie same 
country. The most interesting ease, however, is the 
extreme female form of P. Memnon (figured by Cramer 
under the name of P. Achates), which has acquired 
the genera] form and markings of P. Coon, an insect 
which diifers from the ordinary male P. Memnon, 
as much as any two species which can be chosen 
in this extensive and highly varied genus; and, as 
if to show that this resemblance i"* not accidontal, 
but is the result of law, when in India we find a 
species closely allied to P. Coon, but with red in'stead 
of yellow spots (P. Doubledayi), the corresponding 
variety of P. Androgens (P. Achates, Cramer, 182, 



Hn^lcdbyGoOglc 



184 TIIE MALAYAN F/LPILIONIDJE AS 

A, B,) has acquired exactly the same peculiarity of 
having red spots instead of yellow. Lastly, in the 
island of Timor, the female of P. CEnomaus (a species 
allied to P. Memnon) resembles so closely P. Liris 
(ono of the Polydorus-group), tliat tho two, which 
were often seen flying together, could only be distin- 
guished by a minute comparison after being captured. 

Tlie last six cases of mimicry are especially instruc- 
tive, bocausG they seem to indicate one of the pro- 
cesses by which dimorphic forms have been produced. 
When, as in these cases, one sex differs much from 
tho other, and varies greatly itself, it may happen 
that occasionally individual variations will occur having 
a distant resemblance to groups which are the objects 
of mimicry, and which it is therefore advantageous to 
resemble. Such a variety will have a better chance of 
preservation ; the individuals possessing it will be mul- 
tiplied ; and their accidental likeness to the favoured 
group will be rendered permanent by hereditary trans- 
missioHj and, each successive variation which increases 
the resemblance being preserved, and all variations 
departing from the favoured type having less chance 
of preservation, there will in time result those singular 
cases of two or more isolated and fixed forms, bound 
together by that intimate relationship which consti- 
tutes them the sexes of a single species. The reason 
why the females are more subject to this kind of 
modification than the males is, probably, that their 
slower flight, when laden with eggs, and their exposure 
to attack while in the act of depositing their eggs 
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upon leaves, render it especially advantageous for 
them to have some additional protection. This they 
at onee obtain by acqniring a resemblance to other 
species which, from whatever cause, enjoy a compara- 
tive immunity from persecution. 



Concluding remarks on Variation in Lepidoptera. 
This summary of the more interesting phenomena 
of variation presented by the eastern Papilionidse is, 
I think, sufRcieut to substantiate my position, that 
the Lepidoptera are a group that offer especial faci- 
lities for such inquiries; and it will also show that 
they have midergone an amount of special adaptive 
modification rarely equalled among the more highly 
organized animals. And, among the Lepidoptera, the 
great and pre-eminently tropical femilies of PapilionidK 
and Danaidje seem to be those in which complicated 
adaptations to the surrounding organic and inorganic 
universe have been most completely developed, offer- 
ing in this respect a striking analogy to the equally 
extraordinary, though totally different, adaptations 
which present themselves in the Orcbidese, the only 
family of plants in which mimicry of other organisms 
appears to play any important part, and the only one 
in which eases of conspicuous polymorphism occur ; for 
as such we must class the male, female, and hermaph- 
rodite forms of Catasetnm tridentatum, which differ so 
greatly in form and structitre that they were lung con- 
sidered to belong to three distinct genera. 
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Arrangement and, Geographkal Distribution of the 
Malayan Papilionidce, 

Arrangement. — Although the species of Papilionidaj 
inhabiting the Malayan region are very numerous, 
they all belong to three out of the nine genera into 
which the family is divided. One of the remaining 
genera (Eurycus) ia restricted to Australia, and another 
(Teinopalpus) to the Himalayan Mountains, while no 
less than four (Parnassius, Doritis, Thais, and Seri- 
cinus) are confined to Southern Europe and to the 
mountain-ranges of the Palffiarctic region. 

The genera Ornithoptera and Leptocireus are highly 
characteristic of Malayan entomology, but are uniform 
in character and of small extent. The genus Papilio, 
on ttie other hand, presents a great variety of forms, 
and IS so richly represented in the Malay Islands, that 
more than one-fourth of all the known species are 
found there. It becomes necessary, therefore, to divide 
this genus into natural groups before we can success- 
fully study its geographical distribution. 

Owing principally to Dr. Horsfield's observations 
in Java, we are acquainted with a considerable number 
of the larvas of Papilios ; and these furnish good char- 
acters for the primary division of the genus into na- 
tural groups. The manner in which the hinder wings 
are plaited or folded back at the abdominal margin, the 
size of the anal valves, the structure of the antennEe, 
and the form of the wings are also of much service, 
as well as the character of the flight and the style of 
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colouration. Using these characters, I divide the 
Malayan Papilioa into four sections, and aeventeen 
gi'oups, as follows : — 

Genua Oekithoptisra. 

a. Priamus-gi-oup. It,,-. , 

c. Erookeanua-group. J ^*^^ ^^^^ ^'^^ 

1>. Pompeus- group. Black and yellow. 

Genus Papilio. 

A. Laivte short, tiiot, with numerous fleshy tubercles ; 

of a purplish colour. 

a. Moi-gvoup. Abdominal fold in male very large ; 

anal valves small, but swollen, ; antenna mode- 
rate; wings entire, or tailed; includes the Indian 
Philoxeiius -group . 

b. Coon-group. Abdominal fold in male email; anal 

valves small, but swollen; aJitonnse moderate; 
wings tailed. 

c. Polydorus-group. Abdominal fold in male small, 

or none ; anal valves small or obsolete, hairy ; 
wings tailed or entire. 

B. Larvffl with third segment swollen, transversely or 

obliquely banded; pupa muoh bent. Imago with 
abdominal margin in male plaited, but not re- 
flesed ; body weak ; antonne) long ; wings much 
dilated, often tailed. 

d. Ulysses-group. 

iProtenor - group (Indian) is 
somewhat intermediate be- 
tween these, and is nearest 
to the Nos-group, 
g. Helenus- group, 
h, Erecthena- group, 
i Pammon- group, 
t. Demolion- group. 

C. Laivffi subcylindrieai, variously coloured. Imago with 

alidominal margin in male plaited, but not re- 
flesed ; body weak ; antennie short, with a thick 
curved club; wings entire. 
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1. Erittonius-group. Sesee alike, larva ajid pupa 
Bomethrag like those of P. Dcmolion. 

m. Paradosa-group. Seses different. 

n. Dissimilis- group. Sesea alike; lana bright - 
coloiired; pupa straiglit, cyliadric. 

D. IiarvjB elongate, attenuate bebind, ajid often bifid, witb 
lateral and oblique pale stripea, green. Imago 
with tke abdominal margin in male reflexed, 
■woolly or bajrj witbin ; aaalvalvea email, bairj; 
antennEB sbort, etont ; body stout. 

o. Macarous-gToup. Hind wings entire. 

p. Antipbates-group. Hijid wings mnob tailed (swal- 
low-tails). 

q. Eurj^yluB -group. Hind wings elongate or tailed. 

GcnuB Leptocibcus. 

Making, in all, twenty distinct groupa of Malayan 
PapilioniiJa!. 

The first section of the genus Papilio (A) comprises 
insects which, though differing considerably in strnc- 
ture, having much general r^emblance. They all have 
a weak, low flight, frequent the moat luxuriant forest- 
districts, seem to love the shade, and are the objects 
of mimicry by other Papilios. 

Section B consists of weak-bodied, large-winged in- 
sects, with an irregular wavering flight, and which, 
when resting on foliage, often expand the wings, which 
the species of the other sections rarely or never do, 

They are the most conspicuous and striking of eastern 

Butterflies. 

Section G consists of much weaker and slower-flying 

insects, often resembling in their flight, as weU as in 

their colours, species of Danaidte. 
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Section I) eontaine the strongest-bodied and most 
swift-flying of tlie genus. They love sunlight, and 
frequent the borders of streams and the edges of 
puddles, where they gather together in swarma con- 
sisting of several species, greedily sucking np the 
moisture, and, when disturbed, circling round in the 
air, or flying high and with great strength and 
rapidity. 

Geographical Distribution. — One hundred and thirty 
species of Malayan Papilionidie are now tnown within 
the district extending from the Malay peninsula, on 
the north-west, to Woodiark Island, near New Guinea, 
on the south-east. 

The exceeding richness of the Malayan region in 
these fine insects is seen by comparing the number 
of species fonnd in the different tropical regions of the 
earth. From all Africa only 33 species of Papilio are 
known ; but as several are still undeseribed in collec- 
tions, we may raise their number to about 40. In all 
tropical Asia there are at present described only 65 
species, and I have seen in collections bat two or three 
which have not yet been named. In South America, 
south of Panama, there are 150 species, or about one- 
seventh more than are yet known from the Malayan 
region; but the area of the two countries is very dif- 
fei'cnt; for while South America (even excluding Pata- 
gonia) contains 5,000,000 sqiaare miles, a line encircling 
the whole of the Malayan islands would only include an 
area of 2,700,000 square miles, of which the land-area 
would be about 1,000,000 square miles. This superior 
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richness is partly real and partly apparent. The break- 
ing up of a district into small isolated portions, as 
in an archipelago, seems highly favourable to the segre- 
gation and perpetuation of local peculiarities in certain 
groups ; so that a species wMch on a continent might 
have a wide range, and whose iocal forms, if any,^ 
would be so connected together that it would be im- 
possible to separate them, may become by isolation 
reduced to a number of such clearly defined and con- 
stant forms that we are obliged to count them as 
species. From this point of view, therefore, the 
greater proportionate number of Malayan species may 
be considered as apparent only. Its true superiority 
is shown, on the other hand, by the possession of 
three genera and twenty groups of Papiliouidee against 
a single genua and eight groups in South America, 
and also by the much greater average size of the Ma- 
layan species. In most other families, however, the 
reverse is the case, the South American Nymphalidffi, 
Satyridffi, and Erycinidse far surpassing those of the 
East in number, variety, and beauty. 

The following list, exhiliiting the range and distri- 
bution of eac-h group, will enable us to study more 
easily their internal and external relations. 

Range of the Groups of Malayan Papilionidce. 
Ornittoptera. 

1. Priamns ■ group. Moluccas to Wooiilark 

Island 5 species, 

2. Pompeus - group. Himalayas to BTew 

Guinea, (Celebes, masimum) 11 „ 

3. Brooieaua- group. Svmiatra and Borneo ... 1 „ 
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Papilio. 

4. Fos-group. North India, Java, and Philip- 

piaea 5 species, 

5. CooE-groiip. NortK India to Java 2 „ 

6. Polydoma- group. India to New Guinea 

and Pacific 7 „ 

r. Ulysses- group. Celebes to New Caledonia 4 „ 

8. PeranthuB - group. India to Timor and 

Moluccas (India, marimum) 9 „ 

9. Memnon-group. India to Timor and Mo- 

luocas (Java, maximum) 10 „ 

10. Helenus -group. Africa and India to New 

Guinea 11 „ 

11. Pammon-group. Ijndia to Pacific and Aus- 

tralia 9 ,1 

12. Ei'ecthens-gronp. Celebes to Australia ... 8 „ 

13. Demolion-gii>up, India to Colebea ... 2 „ 

14. Eritboniue-group. Africa, India, Australia 1 „ 

15. Paradoxa-group. India to Java (Borneo, 

16. DiBsimilia- group. India to Timor (India, 

masitmun) 2 „ 

17. Macareus-group. India to New Guinea ...10 „ 

18. Antiptates-group. Widely distributed ... 8 „ 

19. Eurypylua -group. India to Australia ... 15 „ 

20 Leptocircus-group. India to Celebes ... 4 „ 

This Table shows the great afBnity of the Malayan 
with the Indian PapilioiiidEe, only three out of the 
twenty groups ranging beyond, into Afriea, Europe, 
or America. The limitation of groups to the Indo- 
Malayan or Austro-Malayan divisions of the archi- 
peiago, which is bo wdl marked in the higher animals, 
is much less conspicuous in insects, but is shown in 
some degree by the Papilionid^. The following groups 
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are either almost or entirely restricted to one portion 
of the archipelago :— 

Indo- Malaya)!, Region. Anstro-M-dnijan Region. 

Noi- group. Priamus -group. 

Coon -group. UlysRea-group. 

iis-group (nearly). Ereolitlie us -group. 



a-group. 
Diasimilis- group (nearly). 
BrooteaniiB - group . 
LKPTOoiKCTra (genus). 

The remainiug groups, which range over the whole 
archipelago, are, in many cases, insects of very power- 
iiil flight, or they frequent open places and the sea- 
beaeh, and are thus more likely to get blown from 
island to island. The fact that three such character- 
istic groups as those of Priamus, Ulysses, and Erech- 
theus are strictly limited to the Australian region of 
the archipelago, while five other groups are with equal 
strictness confined to the Indian region, is a strong 
corroboration of that division which has been founded 
almost entirely on the distribution of Mammalia and 
Birds. 

If the various Malayan islands have undergone 
recent changes of level, and if any of them have been 
more closely united within the period of existing 
species than they arc now, we may expect to find 
indications of such changes in community of species 
between islands now widely separated ; while those 
islands which have long remained isolated would have 
had time to acqnire peculiar forms by a slow and 
natural process of modification. 
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An exHninitioii of the relations of the species of 
tlie idjaceiit i«Kiids, will thus enable us to correct 
opimodfi formed from a mere consideration of their 
rolatue positions For examjle, looking at a map of 
the archipelago, it is almost impossible to avoid the 
idea that Javi and Sumatra have been recently united; 
then present pio-vimity is so great, and thoy have 
such an obvitus resemblance m their volcanic struc- 
ture Yet there can be little doubt that this opinion 
IS erroneous, and that Sumatra his hid a more recent 
and more intimate conne">.ion with Borneo than it has 
had with Ja\ i This is strikingly shown by the mam- 
mals of these islands — ^\ery few of the species of Java 
ind Suimtri being identicil, while a considerable 
numhei lie common to Sumatra and Borneo. The 
birds show i somewhat simdar relationship; and we 
shill find thit the distribution of tlie P ipilionidse tells 
esactlj the sime tile Tims — 



Smnaha has 21 epecios 1 

Bompo 31) J 

Stiiuatta 21 | 

Java »1S j 

Borneo 30 1 

Java „ ... 2b „ I 



20 "sp <■ nin n. t hoUi islancla ; 



20 sp common t tiotli islands ; 



showing that both Sumatra and Java have a much 
closer relationship to Borneo than they have to each 
other — a most singular and interesting result, when we 
consider the wide separation of Borneo from them both, 
and its very different structure. The evidence fur- 
nished by a single group of insects would have had 



Hn^lcdbyGoOglc 



194 THE MALAYAN PAFILIOKWJE AS 

but httle weight on a point of such magnitude if 
standing ilone but coming as it does to confirm 
deducbcna diiwn from whole classes of the higher 
animnl'i, it must be admitted to have considerable 
value 

We miy determine in a similar manner the relations 
of the di&eienfc Papuan Islands to Nev^ Guinea. Of 
thirteen specits of Fapilionidie obtained in the Aru 
Islands, six were also found in New Guinea, and 
se^ennat Ol nine species obtained at Waigiou, six 
wtrc New Guinea, and three not. The five species 
found at Mybol were all New Guinea species. Myso), 
theiefoie, has closer relations to New Gruinea than 
the cthei itlinds; and this is corroborated by the 
dsstiibution of the birds, of ■which I will only now 
giie one msttni^. The Paradise Bird found in Mysol 
is the common New Guinea species, while the Aru 
Islands and Waigiou have each a species peculiar to 



The large island of Borneo, which contains more 
species of PapilionidEB than any other in the ai'chi- 
pelago, has nevertheless only three peculiar to itself; 
and it is quite possible, and even probable, that one 
of these may be found in Sumatra or Java. The last- 
named island has also three species peculiar to it; 
Sumatra has not one, and the peninsula of Malacca 
only two. The identity of species is even greater 
than in birds or in most other groups of insects, and 
points very strongly to a recent connexion of ihe 
whole with each otlier and the coutintmt. 
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RemarJfahle Peculiarities of the Island of Celebes. 

If we now pass to the next island (Celebes), sepa- 
rated from those last mentioned by a strait not wider 
than that which divides them from each other, we 
have a striking contrast; for with a total number 
of species less than either Borneo or Java, no fewer 
than eighteen are absolutely restricted to it. Further 
east, the large islands of Ceram and New G-ninGii iiavo 
only three species peculiar to each, and Timor lias 
five. We shall have to look, not to single islands, 
but to whole groups, in order to obtain an amount 
of individuality comparable with that of Celebes. For 
example, the extensive group comprising the large 
islands of Java, Borneo, and Sumatra, with the penin- 
sula of Malacca, possessing altogether 48 speciesj has 
about 24, or just half, peculiar to it; the nnmerous 
group of the Philippines possess 22 species, of which 
17 are peculiar ; the seven chief islands of the Moluccas 
have 27, of which 12 are peculiar ; and the whole 
of the Papuan Islands, with an equal number of species, 
have 17 pecnliar. Comparable with the most isolated 
of these groups is Celebes, with its 24 species, of 
which the large proportion of 18 are peculiar. Wo 
see, therefore, that the opinion I have elsewhere ex- 
pressed, of the high degree of isolation and the remark- 
ahle distinctive features of this interesting island, is 
fully borne out hy the examination of this conspi- 
cuous family of insects. A single straggling island 
with a few small satellites, it is zoologically of equal 
2 
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importance with extensive groups of islands many 
times as large as itself; and standing in the very centre 
of the archipelago, surrounded on every side with islets 
eonnectmg it^ith tho latgcr groups, and which seem 
to aftoid the greatest facditie* for tho migration and 
mteiLommuni cation of their lespective productions, it 
^et stinds out coDspicuoua with a character of its own 
m every depirtment of nature, and presents peculiari- 
ties which are, I helieve, without a pai-allel in any 
similar locality on the gloho. 

Briefly to summarize tliese peculiarities, Celebes 
possesses three genera of mammals (out of the very 
small number which inhabit it) which are of singular 
and isolated forms, viz., Cynopithocua, a tailless Ape 
allied to the Baboons ; Anoa, a straight-horned Ante- 
lope of obscure affinities, hut quite unlike anything 
else in the whole archipelago or in India : and Babi- 
ruaa, an altogether abnormal wild Pig, "With a ratlier 
limited bird population, Celebes has an immense pre- 
ponderance of species confined to it, and has also six 
remarkable genera (Meropogon, Ceycopsis, Strep to- 
citta, Enodes, Scissirostrum, and Megacephalon) en- 
tirely restricted to its narrow limits, as well as two 
others (Prioniturus and Basilomis) which only range 
to a single island beyond it. 

Mr. Smith's elaborate tables of the distribution of 
Malayan Hymenoptera (see"Proc. Limi. Soc." Zool. 
vol. vii.) show that out of the large number of 301 
species eollecced in Celebes, 190 (or nearly two-thirds) 
are absolutely restricted to it, although Borneo on one 
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side, and tlie various islands of the Moluccas on the 
other, were equally well explored by me; and no leas 
than twelve of the genera are not found in any other 
island of the archipelajro. I have shown in the present 
( saay that, in the Papilionidie, it has far more species of 
its own than any other island, and a greater proportion 
of peculiar siwcies than many of the large groups of 
i&lands in the archipelago — and that it gives to a large 
number of the species and varieties which inhabit it, 
1st, an increase of size, and, 2nd, a peculiar modifica- 
tion in the form of the wings, which stamp upon the 
most dissimilar in^sects a mark distinctive of their 
common birth-place. 

What, I would ask, are we to do with plienomena 
such as these? Are we to rest content with that very 
simple, but at the same time very unsatisfying expla- 
nation, that all these insects and other animals were 
created exactly as they are, and originally placed ex- 
actly tohere they are, by the inscrutable will of their 
Creator, and that we have nothing to do but to register 
the fiiots and wonder ? Was this single island selected 
for a fantastic display of creative power, merely to ex- 
cite a childlike and unreasoning admiration? Is all 
this appearance of gradual modification by the action of 
natural causes^a modification the enccessive steps of 
which we can almost trace— all delusive ? Is this har- 
mony between the most diverse groups, all presenting 
analogous phenomena, and indicating a dependence 
upon physical changes of which we have independent 
evidence, all false testimony ? If I could think so, the 



Hn^lcdbyGoOglc 



lyS TBS MALAYAN rAPILIONISM AS 

study of nature would have lost for me ita greatest 
charm, I should feel aa ■would the geologist, if you 
could convince him that his interpretation of the earth'a 
past hidtory was all a delusion — that strata were never 
formed in the primeval ocean, and that the fossils he so 
carefully collects and studies are no true record of a 
former livinr; world, but were all created jnst as they 
now are, and in the rocks where he now finds them, 

I must here express my own belief that none of these 
phenomena, however apparently isolated or insignificant, 
can ever stand alone — that not the wing of a butterfly 
can change in form or vary in colour, except in har- 
mony with, and aa a part of the grand march of nature. 
I believe, therefore, that all the curious phenomena I 
Jiave jnst recapitulated, are immediately dependent on 
the last series of changes, organic and inorganic, in 
these regions ; and as the phenomena presented by the 
island of Celebes differ from those of all the surround- 
ing islands, it can, I conceive, only be because the past 
history of Celebes has been, to some extent, unique and 
different from theirs. We must have much more evi- 
dence to determine exactly in what that difference has 
consisted. At present, I only see my way clear to one 
deduction, viz., that Celebes represents one of the oldest 
parts of the archipelago ; that it has been formerly more 
completely isolated both from India and from Austi-alia 
than it is now, and that amid all the mutations it has 
undergone, a relic or substratum of the fanna and 
flora of some more ancient land has been here pre- 
served to us. 
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It !■> Wily '-inLe my retiun home, and since I have 
been iillo to compire the prodnctions of Celtbes side 
by side with those of the surrounding islands, thit I 
have been fiilly impressed with then peculiaiity, and 
the gieit mtere&t that attiohes to them The plints 
and the reptiles are still almost nnkuowii ; and it is to 
be hoped that some enterprising naturalist may soon 
devote himself to their study. The geology of the 
country would also be well worth exploring, and its 
newer fossils would be of especial interest as eluci- 
dating the changes which have led to its present ano- 
malous condition. This island stands, as it were, upon 
the boundary-line between two worlds. On one side is 
that ancient Austrahan iauna, which pieseries to tho 
present day the facie'' of an eaiij geological epoch on 
the other is the rich and vaiied fauna of Asia, which 
seems to contain, in every class and order, tnc most 
perfect and highly oiganised animals. Celebes has 
relations to both, jet stnctly belongs to neitbei it 
possesses chwactenatics which aie altogethei its own , 
and I am convinced that no single islind upon the 
globe ■would so well repiy a careful and detailed re- 
search into its jiast and present history. 

Concluding Remarks. 
In writing this essay it has been my object to show 
how much may, under favourable circumstances, be 
learnt by the study of what may be termed the external 
physiology of a small group of animals, inhabiting a 
limited district. This branch of natural history had 
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received little attention till Mr. Darwin showed how 
important an adjunct it may become towards a true 
interpretation of the history of organized beings, and 
attracted towards it some small share of that research 
which had before been almost exclusively devoted to 
internal structure and physiology. The nature of spe- 
cies, the laws of variation, the mysterious influence 
of locality on both form and colour, the phenomena of 
dimorphism and of mimicry, the modifying influence 
of sex, the general laws of geographical distribution, 
and the interpretation of past changes of the earth's 
surface, have all been moro or less fully illustrated 
by the very limited group of the Malayan Papilio- 
nidas ; while, at the same time, the deductions drawn 
therefrom have been sho^vn to be supported by analo- 
gous facts, occurring in other and oitran wideiy-sepa- 
rated groups of animals. 
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The most perfect and most striking esamplea of what 
IS termed instinct, those in which reason or observa- 
tion appear to have the least inflaence, and which 
seem to imply the potsession of faculties farthest re- 
moved from our own, are to be found among inueets. 
The marvellous constructive powers of bees and wasps, 
the social economy of ants, the careful provision for 
the safety of a progeny they are never to see mani- 
fested by many beetles and flies, smd the curious pre- 
parations for the pupa state by the larvas of butterflies 
and moths, are typical example* of this faculty, and 
are supposed to be conclusive as to the existence of 
some power or intelligence, veiy different from that 
which we derive from our senses or from our reason. 

IIoii' Instinct may he best SluditJ. 
'W'hatever we may define instinct to be, it is evi- 
dently some form of mental manifestation, and as we 
can only judge of mind by the analogy of our own 
mental functions and by observation of the results of 
mental action in other men and in animals, it is in- 
cumbent on uSj fir'-t, to study and endeavour to com- 
prehend the minds of infants, of savage mon, and of 
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animals not very far removed from ourselves, before 
we pronounce positively as to the nature of the mental 
operations in (vreatures so radically different from us 
as insects. We have not yet even been able to ascer- 
tain what are the senses they possess, or what relation 
their powers of seeing, hearing, and feeling have to 
ours. Their sight may far exceed ours both in delicacy 
and in range, and may possibly give them knowledge 
of the infernal constitution of bodies analogous to that 
which we obtain by the spectroscope ; and that their 
visual organs do possess some powers which our& do 
not, is indicated by the extraordinary crystalline rods 
radiating from the optic ganglion to the facets of the 
compound eye, which rods vary in form and tbicbnnt,? 
in different parts of their length, and possess distinc- 
tive characters in each group of insects. This complex 
apparatus, so different from anything in the eyes of 
vertebrates, may subserve some function quite incon- 
ceivable by us, as well as that which we know as 
vision. Tliere is reason to believe tliat insects appre- 
ciate sounds of extreme delicacy, and it is supposed 
that certain minute organs, plentifully supplied with 
nerves, and situated in tlie subcostal vein of the wing 
in most insect's, are the organs of hearing. But he- 
side's these, the Orthoptera (such as grasshoppers, 
&e.) have what are supposed to be ears on their fore 
legs, and Mr. Lowne believes that the little stalked 
balls, which ai'e the sole remnants of the bind winoa 
in flies, are also organs of bearing or of some ana- 
logous sense. In flies, too, the third jnint of the 
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antennse contains thousands of nerve-fibros, wtieli 
terminate in small open cells, and tliis Mr. Lowne 
believes to be the organ of smell, or of some other, 
perhaps now, sense. It is qnite evident, therefore, 
that insects may possess senses which give them a 
knowledge of that which we can never perceive, and . 
enable them to perform acts which to us are incom- 
prehensible. In the midst of tliis complete ignorance 
of their faculties and inner nature, is it wise for ns 
to judge so boldly of their powers by a comparison 
with our own? How can we pretend to fatliom the 
profound mystery of their mental nature, and decide 
what, and how much, they can perceive or remem- i 
her, reason or reflect! 'lo leap at one bound from 
our own consciousness to that of an insect's, is as 
mi reasonable and absurd as if, with a pretty good 
knowledge of the multiplication table, we were to 
go straight to the study of the calculus of functions, 
or as if our comparative anatomists should pass from 
the study of man's bony structure to that of the fish, 
and, without any knowledge of the numerous inter- 
mediate forms, were to attempt to determine the homo- 
logies between the^e distant typos of vertebrata. In 
such a case would not error be inevitable, and would 
not continued study in the same direction only render 
the erroneous conclusions more ingrained and more 
irremovable. 

Definition of Instinct. 
Before going further into this subject, we must 
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detuimine what we meaii by the teim instinct. It 
has been variou'*Ij defined aa — ' disposition opeiatmg 
without the lid of instruction oi experience, " % 
mental powtr totilly independent of or^iiiization," or 
"a power enibhii^r in aiiimii to do thit which, m tho«e 
things man cau do, le'^uits horn a chiin of leisonmg, 
and in things vihich min cannot d>, is not ta be e\- 
pUmed bj iny eEFoits ot the mtelLctnil faeuities 
We find, too, thit the woid mitinct is ver> liequently 
apphed t) ifta whieh are evidently the lesult either 
of oiganizition oi of habit Tlie colt or call is said 
to wiJli. uistmctn elj almost is soon as it is born, 
bnt this IS solel) due to its organization, winch ren- 
ders walking both po^iible and pleasutable to it So 
wo irt^ Slid instinctively to hold out our hands to 
sa\e our^ehes irom falling, but this is an acquued 
habit whioh the infant does not posse&a It appeirs 
to me thit mstmct should be dehned as — 'the per- 
formance hy an animal of complex acta, absolutely 
witliout instruction oi pievionsly acquired knowledge ' 
Tims, acts aie said to be perloimed by birds in build- 
ing their nests, by beea in constructing their cells, 
and by many insects in providing for the future wants 
of themselves or their progeny, without ever having 
seen such acts performed by others, and without any 
knowledge of why they perform them themselves. 
This is expressed by the very common term " blind 
instinct." But we have here a number of assertions 
of matters of fact, which, strange to say, have never 
been proved to be facts at all. They are thought to 
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bi! so self-evident that they may be taken for granted. 
No one has ever yet obtained the eggs of some bird 
which builds an elaborate nest, hatched these eggs by 
steam or under a quite distinct parent, placed them 
afterwards in an extensive aviary or covered garden, 
where the situation and the materials of a nest simi- 
lar to that of the parent birds may be found, and then 
seen what kind of nest these birds would build. If 
under these rigorous conditions they choose the same 
materials, the same situation, and construct the nest 
in the same way and as perfectly as their parents did, 
instinct would be proved in their case ; now it is only 
assumed, and assumed, as I shall show further on, 
without any sufficient reason. So, no one has ever 
carefully taken the pupas of a hive of bees out of the 
comb, removed them from the presence of other bees, 
and. loosed them in a large conservatory with plenty 
of flowers and food, and observed what kind of cells 
they would construct. But till this is done, no one 
can say tJiat bees build without instruction, no one 
can say that with every new swarm there are no bees 
older than those of the same year, who may be the 
teachers in forming the new comb. Now, in a scien- 
tific inquiry, a point which can be proved should not 
be assumed, and a totally unlsnown power should not 
be brought in to explain facts, when known powers 
may be sniflcient. For both these reasons I decline to 
accept the theory of instinct in any case where ail 
other possible modes of explanation have not been 
exhausted. 



Hn^lcdbyGoOglc 



206 ON IXSTISCT IN MAN AND ANIMALS. 

Does Man possess Instincts. 
Many of the upholders of tho instinctwe theory 
maintain, that man has instincts exactly of the same 
nature as tliosc of animals, but more or less liable to 
be obscured by hia reasoning powers ; and as this is 
a case more open to our observation than any other, 
I will devote a few pages to its consideration. Infants 
are said to suck by instinct, and afterwards to walk 
by the same power, while in adult man the most pro- 
minent c I p of m tiiict IS su].po ed to b(,, the powers 
jos'^es&ed bj 'sivi^e races to find thoir wnj aciosa a 
traoklesa and pieviously unknown wdleincss Let 
ut tike first the l ise of the ini-mt s sucking It is 
sometime^ ibsurdlv stated thit the now bom infant 
" seeks the bieist, ind this is heU to be a wondeiful 
proof of mstinct No doubt it would be if true, bnt 
unfortunately tor the theory it !=< totall} fil e, as 
e\er} nuise md medicil man can testify &tili, tie 
child undoubtedly sncks without teichiUj,, but tins i-- 
one of those sirnpli acta dependent upon i„inization, 
which cannot piopeily be terniel instinct, any more 
than bieathmg or muscul'u motion Any dject oi 
smtible size m the month of an inf\nt excite'* the 
nei\es ind muscks -,0 as to produce the act of suction, 
tndwhfn at a httie liter ptiiod the wdl comes into 
play, the pleasurable sensiticns con equent on the act 
lead to its contiuuance bo, walking is e^idrntly de 
pendent on the niiangunent of tie boufs an I joints, 
ml the pi a ui ible exert n of the muscles, which 
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lead to the vertical posture becoming gradually the 
most agreeable one ; and there can be little doubt 
that an infant would learn of itself to walk, even if 
suckled by a wild beast. 

How Indians fravel through unhiown and traokless 
Forests. 
Let us now consider the fact, of Indians finding their 
way through forests they have never traversed before, 
This is much misunderstood, for I believe it is only 
performed under such special conditions, as at once to 
show that instinct has nothing to do with it. A savage, 
it is true, can find his way through his native forests 
in a direction in which he has never traversed them 
before ; but this is because from infancy ho has been 
used to wander in them, and to find his way by in- 
dications which he has observed himself or learnt from 
others. Savages make long journeys in many direc- 
tions, and, their whole faculties being directed to the 
subject, they gain a wide and accurate knowledge 
of the topography, not only of their own district, 
but of all the regions round about. Every one who 
has travelled in a new direction communicates his 
knowledge to tliose who have travelled less, and de- 
scriptions of routes and localities, and minute incidents 
of travel, form one of the main staples of conversation 
roimd the evening fii-e. Every wanderer or captive 
from another tribe adds to the store of information, 
and as the very existence of individuals and of whole 
families and tribes, depends upon the completeness of 
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this know!ei]ge, all the acute perceptive faculties of 
the adult savage are devoted to ae<[uiriag and perfect- 
ing it. The good hunter or warrior tlius comes to 
know the bearing of every hill and mountain range, 
the directions and junctions of all the streams, the 
situation of each tract characterized by peculiar 
vegetation, not only within the area he has himselt 
traversed, hut for perhaps a hundred miles around 
it. Hi a acute observation enables him to detect 
the slightest undulations of the surface, the \arious 
changes of subsoil and alterations in the character of 
tlie vegetation, that would be quite imperceptible to 
a stranger. His eye is always open to the direction 
in which he is going ; the mos'iy side of trees, the 
presence of certain plants under the shade of rocks, 
the morning and evening ilight of birds, are to him 
indications of direction, almost as sure as the sim in 
the heavens. Now, if such a savage is required to 
find his way across this country in a diroetion in 
which he has never been boforo, he is quite equal 
to the ta;-k. By however circuitous a route he has 
come to the point he is to start from, he has observed 
all the bearings and distances bo well, that he knows 
pretty nearly where he is, the direction of his own 
home and that of the place he is required to go to. 
He starts towards it, and knows that by a certain time 
ho mu=t cross an upland or a river, that tho streams 
should flow in a certain direction, and that he should 
cross some of them at a certain distance from their 
sources. The nature of the soil throughout the t\ hole 
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region is known to him, as well as all the great fea- 
tures of the vegetation. As he approaches any tract ot 
country he has been in or near before, many minute 
indications guide him, but he observes them so ciu 
t tn ly thit his white compnmons eann t peieene hv 
whit ho hai duected his Gonrse E^Piy now an I 
tl en he slightly changes his diiection, but he is never 
onfiaed, nevei loses himselt, toi lie ilwajs teels it 
1 me till at Inst he iirives at a well known counti), 
anl directs his crarse so as to leach the oxict spot 
d su d To tl e Eurijeans whom he guides, he seems 
t hne cone w tiout trouble, without iny special ob- 
ei^it u, nd in a nearly tt light unchanging couise 
Tliej ire istonished, and aan. it he hts e^ei been the 
sime loute befoie and when he insneis ' No,' con 
thilu that scmt, uneiring instinct conld alone have 
guid d him But tile this same mm into anothei 
countrv verj siimlai to his on a but with othti streams 
md lilK, inothei linl of soil with a somewhat dif- 
ferent vegetation and animal life, and aftei bunging 
liiu. by a circuitous loute to i gnen point abk him to 
ictnrn to his starting plite, 1 y a straight hne of hfty 
lilies tliough the forest, and he will certainly dechne 
to ittenipfc it, or attempting it, will moie oi less eotn- 
pletdj fall Hia buppo ed mstmct docs iitt act out of 
his own coimtry 

A sivige, even in i new country, has, however, 
undoubted -dvantiges, fioin his fimihaiitv with foiest 
lite, his rntire feaile'isneaS of bung lost lis accurite 
percqi on ot dntction ul of hit nte, anl he lo thiT> 
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able voiy soon to acquire a knowledge of the district 
tliat Hcema marvellous to a ciyilized man ; but my own 
observation of savages in forest countries bas convinced 
me, that they find their way by the use of no other 
faculties than those which we ourselves possess. It 
appears to me, therefore, that to call in the aid of a 
new and mysterious power to account for savages 
being able to do that which, under similar conditions, 
we could almost all of us perform, although perhaps 
less perfectly, is almost ludicrously unnecessary. 

In the nest essay I shall attempt to show, that much 
of what has been attributed to instinct in birds, can be 
also very well explained by crediting them with those 
faculties of observation, memory, and imitation, and 
with that limited amount of reason, which they un- 
doubtedly exhibit. 
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VI. 
THE PHILOSOPHY OF BIRDS' NESTg. 

Jnstmct or Reason m the Construction of Bvrds^ Nests, 

BiBDH, we aro told, biiilil their nests by instinct, while 
man constructs his dwelling by the exercise of reason. 
Birds never change, but continue to build for ever on 
the self-same plan ; man altera and improves his houses 
continually. Eeason advances ; instinct is stationary. 

This doctrine is so very general that it may almost 
be said to be universally adopted. Men who agree 
on nothing else, accept this as a good explanation of 
the facts. Philosophers and poets, metaphysicians and 
divines, naturalists and the general public, not only 
agree in believing this to be probable, but even adopt 
it as a sort of axiom that is so self-evident as to need 
no proof, and nse it as the veiy foundation of their 
speculations on instinct and reason. A belief so general, 
one would think, mast rest on indisputable facts, and 
be a logical deduction from them. Yet I have eome to 
the conclusion that not only is it very doubtful, but 
absolutely erroneous ; that it not only deviates widely 
from the truth, but is in almost every particular exactly 
opposed to it. I beliovo, in short, that birds do not 
build tlieir nests by instinct ; that man does not con- 
p 2 
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siruct his dwelling by reason ; that birds do cbange and 
improve when affected by the same causes that make 
men do so ; aad that mankind neitlier alter nor improve 
■when they exist under conditions similar to those which 
are almost universal among birds. 

Do Mat build h/ Season or hy Imitaimi? 
Let tis first consider the theory of reason, as alone 
determining the domestic architecture of the human 
race. Man, as a reasonable animal, it is said, con- 
tinnally altera and improves his dwelling. This I en- 
tirely deny. As a rule, he neither altera nor improves, 
any more than the birds do. What have the houses of 
most savage tribes improved from, each as invariable as 
the neat of a species of bird ? The tents of the Arab 
are the same now as they were two or three thousand 
years ago, and the mud villages of Egypt can scarcely 
have improved since the time of the Pharoahs. The 
palm-leaf huts and hovels of the various tribes of South 
America and the Malay Archipelago, what have they 
improved from since those regions were first inhabited ? 
The Patagonian's rude shelter of leaves, the hollowed 
bank of the South African Earthmen, we cannot even 
conceive to have been ever inferior to what they now 
ai'e. Even nearer home, the Irish turf cabin and the 
Higlihmd stone she!ty can hardly have advanced much 
during the last two thousand years. Now, no one 
imputes this stationary condition of domestic archi- 
tecture among these savage tribes to instinct, hut to 
simple imitation from one generation to another, and 
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the alisence of any sufficiently powerful stimtilns to 
cliangL' or improvement. No one imagines that if an 
infant Arab could bo transferred to Patagonia or to 
the Highlands, it would, when it grew up, astonish 
its foster-parents by constructing a tent of sliins. On 
the other hand, it is quite clear that physical condi- 
tions, combined with the degree of civihzation arrived 
at, almost necessitate certain types of structure. The 
turf, or stones, or snow-— the palm-leaves, bamboo, or 
branches, which are the materials of houses in various 
countries, are used because nothmg else is so readily 
to ba obtained. The Egj'ptian peasant has none of 
these, not even wood. What, then, can he use but 
mud p In tropical forest-countries, the bamboo and the 
broad palm-leaves are the natural material for houses, 
and the form and modo of structure wiil be decided 
in part by the nature of the country, whether hot or 
cool, whether swampy or dry, whether rocky or plain, 
whether frequented by wild beasts, or whether subject 
to the attacks of enemies. "Wlifin once a particular 
mode of building has been adopted, and lias become 
confirmed by habit and by hereditary custom, it will 
be long retained, even when Us utility has been lost 
through changed conditions, or through migration into 
a vary different region. As a general rule, through- 
out the whole continent of America, native houses are 
built directly upon the ground — strength and security 
being given by tiiickening the low walls and the roof, 
lu almost the -whole of the Malay Islands, on the 
contrary, the housis arc raised on posts, often to a 
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great height, with an open bamboo floor; and the 
whole structure is exceedingly slight and thin. Now, 
what can be the reason of this remarkable difference 
between conntries, many parts of which are strilringly 
similar in physical conditions, natural productions, and 
the state of civilization of their inhabitants ? We ap- 
pear to have some clue to it in the supposed origin 
and migrations of their respective populations. The 



indigenes of tropical Ameri 
migrated from the north- 
winters are severe, and rai 



beiievod to have im- 
from a country where the 
ised houses with open floors 



by land along the mountai 



would be hardly habitable. They moved southwards 



ranges and uplands, and 



I altered climate continued the mode of construc- 
tion of their forefathers, modified only by the new 
materials they met with. By minute observations of 
the Indians of the Amazon Valley, Mr. Bates arrived 
at the conclusion that they were comparatively recent 
immigrants from a colder climate. He says : — " No 
one could live long among the Indians of the Upper 
Amazon without being strnek with their constitutional 
dislike to the heat. . . Their skin is hot to the touch, 
and they perspire little. . . They are restless and 
discontented in hot, dry weather, but cheerful on cool 
days, when the rain is pouring down their nalted 
backs." And, after giving many other details, he 
concludes, " How different all this is with the Negro, 
the true child of tropical climes ! The impression gra- 
d\ially forced itself on my mind that the Bed Indian 
lives as an immigrant or stranger in these hot regions, 
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and that his constitution was not originaliy adapted, 
and has not since become perfectly adapted, to tlie 
climiite." 

The Malay races, on tlie other hand, are no doubt 
very ancient inhabitants of the hottest regiojis, and 
are particularly addicted to forming their first settle- 
ments at the mouths of rivers or creeks, or in land- 
locked bays and inlets. They are a pre-eminently 
maritime or somi-ai^uatie people, to whom a canoe is a 
necessary of life, and who will never travel by land if 
thoy can do so by water. In accordance with these 
tastes, they have built their houses on posts in the 
water, after the manner of the lake-dwellers of ancient 
Europe ; and this mode of construction has become so 
confirmed, that even those tribes who have spread far 
into the interior, on dry plains and rocky moimtains, 
continue to build in exactly the same manner, and 
find safety in the height to which they elevate their 
dwellings above the gromid. 

W7ii/ does each Bird huild a peculiar hind of Nest f 
These general characteristics of the abode of savage 
man will be found to be exactly paralleled by the nests 
of birds. Each species uses the materials it can most 
readily obtain, and builds in situations most congenial 
to its habits. The wren, for example, frequenting 
hedgerows and low thickets, builds its nest generally of 
moss, a material always found where it lives, and among 
which it probably obtains much of its insect food ; bat 
it varies sometimes, using hay or feathers wheji these 
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are at hand. Roolts dig in pastures and ploughed fields 
for grubs, and in doing so must continually encounter 
?oot-< anlytJjcs These iie used to line its nest Whit 
more natuiil ' The crow feeding tn curion, de^l rab- 
bit^j and Iambi, and fieqneutmg sheep-wJks and war- 
rens, chooses /ur "mi uoulio bne its nest. The larl 
frei]^uent9 culti\ ated helds and mikes its nest, on the 
giuiuid, of giiss lined with loitelat — matemls the 
most easy to meet with, nad the lest iiliited to its 
needs The kio^fiaher mil es ita nest ot the lone of 
the fi«h i\hicb it hi=i eaten Sn aliens ise cliy ind 
mud fiom the mugms of the ponds anl i icis over 
which they find their insect food The materials of 
birds ncbts, like those nspd by sa^i^e man for his 
house, lie, then, tho e which come fiist tohinl, and 
it eeitimly reqmies no more special instinct ta sek t 
them m one ca^e than m the other 

But, it will 1 e Slid, it IS not so much the matenala 
lb the foim and structure of nests thit vaiy so much, 
ind aie ao wonderfully idapted ti the wants and habits 
of each speaes how ire these to be iccounted for 
except by instinct ' I icpiy, they mxy i e m a great 
measure explained b> the general hibits of the species, 
the nature of the tools they hwo to work with, md the 
materials they can mo^t eisili obtain, with the very 
simpicbt idiptatious of means to m end, quitt. within 
the mentil capacities of birds The delicacy and per- 
fLcti n of tho nest wiil bear i dnecfc lehtion to the 
size of the 1 id, its stiucture mt 1 ibits Tl at of the 
wien or the 1 uinmin_, bii 1 is perl i} s not fi lei oi m la 
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beautiful in proportion than that of the blackbird, the 
magpie, or the crow. The wren, having a slender beak, 
long legs, and great activity, is able with great ease to 
form a well-woven nest of the finest materials, and 
places it in thickets and hedgerows which it frequents 
in its search for food. The titmouse, haunting fruit- 
trees and walls, and searching in cracks and crannies for 
insects, is naturally led to build in holes where it has 
shelter and secnrity ; while its great activity, and the 
perfection of ite tools (bill and feet), enable it readily 
to form a beautiful receptable for its eggs and young. 
Pigeons having heavy bodies and weak feet and bills (im- 
perfect tools for forming a delicate structure) build rude, 
flat nests of sticks, laid across strong branches which 
will bear their weight and that of their bulky young. 
They can do no better. The Caprimulgidse have the 
most imperfect tools of all, feet that will not support 
them except on a flat surface (for they cannot truly 
perch) and a bill excessively broad, short, and weak, and 
almost hidden by feathers and bristles. They cannot 
build a nest of twigs or fibres, hair or moss, like other 
birds J and they therefore generally dispense with one 
altogetlier, laying their eggs on the bare ground, or 
on the stnmp or flat limb of a tree. The clumsy hooked 
bills, short necks and feet, and heavy bodies of Parrots, 
render them quite incapable of building a neat like 
most other birds- They cannot climb up a branch 
without using both bill and feet ; they cannot even 
turn round on a perch without holding on with their 
bill. How, then, could they inlay, or weave, or twist 
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the material of a nest? Conaequentiy, they all Jay 
in holes of trees, the tops of rotten stumps, or in 
deserted ants' nests, the soft materials of which they 
ean easily hollow out. 

Many torna and sandpipers lay their eggs on the 
bare sand of the sea-shore, and no doubt the Duke of 
Argyll is correct when he says, that the cause of 
this habit is not that they are unable to form a nest, 
but that, in such situations, any nest would be con- 
spicuous and lead to the discovery of the eggs. The 
choice of place is, however, evidently determined by 
the habits of the birds, who^ in their daily search 
for food, are continually roaming over extensive tide- 
washed flats. Gulls vary considerably in their mode of 
nesting, but it is always in accordance with theii- struc- 
ture and habits. The situation is either on a bare rock 
or on ledges of aea-eliffs, in marshes or on weedy shores. 
The materials are sea-weed, tufts of grass or rushes, 
or the debris of the shore, heaped together with as 
little order and constructive art as might be expected 
from the webbed feet and clumsy bill of these birds, 
the latter better adapted for seizing fish than for 
forming a delicate nest. The long-legged, broad-billed 
flamingo, who is eontinualiy stalking over muddy flats 
in search of food, heaps up the mud into a conical 
stool, on the top of which it lays lis eggs. The bird 
can thus sit upon them conveniently, and they are 
kept dry, out of reach of the tides. 

Now I believe that throughout the whole class of 
birds the same general principles will be found to hold 
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good, sometimes distinctly, sometimes more obaetirely 
apparent, according as the habits of the species are 
more marked, or their structure more peculiar. It 
is true that, among birds differing but little in struc- 
ture or habits, we see considerable diversity in the 
mode of nesting, but we are now so well assured that 
important changes of climate and of surface have oe- 
cured within the period of existing species, that it 
is by no means difficult to see how such differences 
have arisen. Simple habits are known to be here- 
ditary, and as the area now occupied by each species 
is different from that of every other, we may be sure 
that such changes would act differently upon each, and 
would often bring together species which had acquired 
their peculiar habits in distinct regions and under 
different conditions. 

Mow do Young Birds learn to Build their First Kest? 
But it is objected, birds do not learn to make their 
nest as man does to build, for all birds will make 
exactly the same neat as the rest of their species, even if 
they have never seen one, and it is instinct aione that 
can enable tliem to do this. No doubt this would be 
instinct if it were true, and I simply ask for proof 
of the fact. This point, although so important to the 
question at issue, is always assumed witliout proof, and 
even against proof, for what facts there are, are op- 
posed to it. Bh'ds brought up from the egg in cages 
do not make the characteristic nest of their species, 
even though the proper materials ai'e supplied them, 
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and often make no nest at all, but rudely heap together 
a quantity of materials ; and the expcrinnent has never 
been fairly tried, of turning out a pair of birds so 
brought up, into an enclosure covered with netting, 
and watching the result of their untaught attempts at 
nest-making. With regard to the eongs of birds, how- 
ever, which is thought to be equally instinctive, the 
experiment has been tried, and it is found that young 
birds never have the song peculiar to their speeies if 
they have not heard it, whereas they acquire very 
easily the song of almost any other bird with which 
they are associated. 

Do Birds sing by Instinct or by Imitation ? 

The Hon. Daines Barringtou was of opinion that 
"notes in birds are no more innate than, language is 
in man, and depend entirely on the master under 
which they are bred, as far as their organs will enable 
them to imitate the sounds which they have frequent 
opportunities of hearing." He has given an account 
of bis experiments in the " Philosophical Transac- 
tions " for 1773 (Vol. 63) ; he says : " I have educated 
nestling linnets under the three best singing larks— 
the skylark, woodlark, and titlark, every one of which, 
instead of the linnet's song, adhered entirely to that of 
their respective instructors. When the note of the 
titlark linnet was thoroughly fixed, I hung the bird 
in a room with two common linnets for a quarter of a 
year, which were full in song ; the titlark linnet, how- 
ever, did not borrow any passage from the linnet's 
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song, bnt adhered atedfastly to that of the titlark." 
He then goes on to say that birds taken from the nest 
at two or three weeks old have already learnt the call- 
note of their species. To prevent thia the hirds must 
be taken from the nest when a day or two old, and he 
f^ivea an account of a goldSnch which he saw at 
Knighton in Radnorshire, and which sang exactly like 
a wren, without any portion of the proper note of its 
species. Thia bird had been taken from the nest at 
two or three days old, and had been hung at a window 
opposite a amall garden, where it had nndoubtedly 
aec[uired the notes of the wren without having any 
opportunity of learning even the call of the goldfinch. 

He also saw a linnet, which had been taken from 
the nest when only two or three days old, and which, 
not having any other sounds to imitate, had learnt 
almost to articulate, and could repeat the words 
" Pretty Boy," and some other short sentences. 

Another linnet was educated by himself under a 
vengolina (a small African finch, which he says sings 
better than any foreign bird but the American mock- 
ing bird), and it imitated its African master so exactly 
that it was impossible to distinguish the one from the 
other. 

Still more extraordinary was the case of a common 
house sparrow, which only chirps in a wild state, but 
which learnt the song of the linnet and goldfinch by 
being brought up near those birds. 

The Rev, W. H. Herbert made similar observations, 
and states that the young whinchat and wheatear, 
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whichi have naturally little variety of song, are ready 
in confinement to leara from other species, and be- 
come much better songsters. The buUilnoh, whose 
natural notes are weak, harsh, and insignificant, has 
nevertheless a wonderful musical faculty, sines it can 
be taught to whistle complete tunes. The nightin- 
gale, on the other hand, whose natural song is so 
beautiful, is exceedingly apt in confinement to learn 
that of other birds instead. Becbstein gives an ac- 
count of a redstart which had built under the eaves 
of his house, which imitated the song of a caged 
chaffinch in a window underneath, while another in 
his neighbour's garden repeated some of the notes of 
a blackcap, which had a nest close by. 

These facts, and many others which might be 
quoted, render it certain that the peculiar notes of 
birds are acquired by imitation, as surely as a child 
learns English or French, not by instinct, but by 
hearing the language spoken by its parents. 

It is especially worthy of remark that, for young 
birds to acquire a new song correctly, they must be 
taken out of hearing of their parents very soon, for 
in the first three or four days they have already 
acquired some knowledge of the parent notes, which 
they will afterwards imitate. This shows that very 
young birds can both hear and remember, and it would 
be very extraordinary if, after they could see, they 
could neither observe nor recoUect, and could live for 
days and weeks in a nest and know nothing of its 
materials and the manner of its construction. During 
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the time they are learning to fly and return often to 
the nest, they must be able to examine it inside and 
out in every detail, and as we have seen that their 
daily search for food invariably leads them among the 
materials of which it is constructed, and among places 
similar to that iti which it is placed, is it so very 
wonderful that when they want one themselves they 
should make one like it ? How else, in fact, should 
they make it ? Would it not be much more remark- 
able if they went out of their way to get materials 
quite different from those used in the parent nest, 
if they arranged them in a way they had seen no 
example of, and formed the whole structure differently 
from that in which they themsolves were reared, and 
which we may fairly presume is that which their whole 
organization is best adapted to put together with cele- 
rity and ease? It has, however, been objected that 
observation, imitation, or memory, can have nothing 
to do with a bird's architectural powers, because the 
young birds, which in Englanii are born in May or 
June, will proceed in the following April or May to 
build a nest aa pei-fect and as beautiful as that ia 
which it was hatched, although it could never have 
seen one built. But surely the young birds before 
they left the nest had ample opportunities of observing 
its form, its size, its position, the materials of which 
it was constructed, and the manner in which those 
materials were arranged. Memory would retain these 
observations till the following spring, when the ma- 
terials would come in their way during their daily 
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search for food, and it seems highly probable that the 
older birds would begin building firot, and that those 
bom the preceding summer would follow their ex- 
ample, learning from them how the foundations of the 
ne^t are laid and the materials put together.* 

Again, we have no right to assume that young 
birds generally pair together. It seems probable 
that in each pair there is most frequently only one 
bird born the preceding summer, who would be 
guided, to some extent, by its partner. 

My friend, Mr. Kichard Spruce, tlie well-known 
traveller and botanist, thinks this is the case, and 
has kindly allowed me to publish the following 
observations, which he sent me after reading my book. 

How young Birds may learn to luUd Ifests. 

" Among the Indians of Peru and Ecuador, many of 
whose customs are relics of the semi-civilisation that 
prevaOed before the Spanish conquest, it is usual for 
the young men to marry old women, and the young 
women old men. A young man, they say, accus- 
tomed to be tended by his mother, would fare ill if 

• It has Wn very pertinently remarked by a friend, ttat, 
if joung birda did observe the neat tbey were reared in, they 
would consider it to be a natural productioa like the leaves 
and brandies and matted twigs that surrounded it, and conld 
not possibly conclude that their parents had constructed the 
one and not the other. This may be a valid objection, and, if 
SO, we shall have to depend on the mode of instruction de- 
scribed in the STioceeding paragrapha, but the question can 
only be Snally decided by a careful set of esperimeute. 
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lie had only an ignorant young girl to take care 
of him ; and the girl herself would be better off with 
a man oi mature years, capable of supplying the 
pliice of a father to her. 

" Something liVe this custom prevails among many 
animals. A stout old buck can generally fight hia 
way to the doe of his choice, ami indeed of as many 
does as he can manage ; but a young buck • of his 
first horns,' must either content himself with celibacy, 
or with some dame well-stricken in years. 

" Compare the nearly parallel case of the domestic 
cock and of many other birds. Then consider the 
consef|neneea amongst birds that pair, if an old cock 
sorts with a young hen and an old hen with a young 
cock, as I think is certainly the case with blackbirds 
and others that are known to fight for the youngest 
and handsomest females. One of each pair being al- 
ready an • old bird,' will be competent to instruct ita 
younger partner (not oaiy in the futility of ' chaff,' 
but)' in the selection of a site for a nest and how to 
build it ; then, how eggs are hatched and young 
bii'ds reared. 

" Sutili, in brief, is my idea of how a bird on its 
first espousals may be taught the Whole Duty of the 
married state." 

On this difficult point I have sought for informal- 
tion from some of our best field ornithologists, but 
without success, as it is in most cases impossible to 
distinguish old from young birds after the first year. 
I am infovmcd, however, that the males of blackbirds, 
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spaxrowSj and many other Itincis fight furiously, and 
the conqueror of course has the choice of a mate. 
Mr. Spruce's view is at least as probable as the con- 
trary one (that young birds, as a rule, pair together), 
and it is to some extent siipported by the celebrated 
American observer, Wilson, who strongly insists on 
the variety in the nests of birds of the same species, 
some being so much better finished than others ; and 
he believes that the less perfect nests are built by the 
younger, the more perfect hy the older, birds. 

At all events, till the crucial experiment is made, 
and a pair of birds raised from the egg without 
ever seeing a nest are ahown to be capable of maldng 
one exactly of the parental type, I do not think we 
are justified in calling in the aid of an unknown and 
mysterious faculty to do that which ia so strictly 
analogous to the house-building of savage man. 

Again, we always assume that because a nest ap- 
pears to us delicately and artfully built, tliat it there- 
fore requires much special knowledge and acquired 
skill (or their substitute, instinct) in the bird who 
builds it. We forget that it is formed twig by twig 
and fibre by fibre, rudely enough at first, but crevices 
and irregularities, which must seem huge gaps and 
chasms in the eyes of the little builders, arc filled up 
by twigs and stalks pushed in by slender beak and 
active foot, and that the wool, feathers, or horsehair 
are laid tliread by thread, so that the result seems a 
marvel of ingenuity to us, just as would the rudest 
linand hut to a native of Brobdignag. 
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Levaiilant has given an account of the process of 
nest-building by a Httlo African warbler, wliich suffi- 
ciently shows that a very beautiful sti'uctiire may be 
produced with very little art. The foundation was 
laid of moss and fias interwoven with grass and tufta 
of cotton, and presented a rude mass, five or six 
inches in diameter, and four inches thick. This was 
pressed and trampled down repeatedly, so as at last to 
make it into a kind of felt. The birds pressed it 
with their bodies, turning round upon them in every 
direction, so as to get it quite firm and smooth before 
raising the sides. These were added bit by bit, 
trimmed and beaten with the wings and feet, so as to 
felt the whole together, projecting fibres being now 
and then worked in with the bill. By these simple 
and apparently inefficient means, the inner surface 
of the nest was rendered almost as smooth and com- 
pact as a piece of cloth. 

Man's Works mainly Imitatwe. 

But look at civilised man I it is said ; look at Grecian, 
and Egyptian, and ]ioman, and Gothic, and modem 
Architecture I What advance ! what improvement ! 
what refinements! Tliis is what reason leads to, 
whereas birds remain for ever stationary. If, how- 
ever, auch advances as these are recLuired, to prove 
the effects of reason as contrasted with instinct, then 
all savage and many half-civiliaed tnbea have no 
reason, but build instinctively quite as much as birds 
da 
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Man ranges over the whole earth, and exists under 
the most varied conditions, leading necessarily to 
equally varied habits. He migrates — he makes wars 
and conquests — one race mingles with another — dif- 
ferent customs are brought into contact — the habits 
of a migrating or conquering race are modified by 
the different circumstances of a new country. The 
civilized race which conquered Egypt must have 
developed its mode of building in a forest country 
where timber was abundant, for it is not probable, 
that the idea of cylindrical columns originated in a 
country destitute of trees. The pyramids might have 
been built by an indigenous race, but not the temples 
of EI Uksor and Kamab. In Grecian architecture, 
almost every characteristic feature can be traced to 
an origin in wooden buildings. The columns, the 
architrave, the friezCj the fillets, the cantelevere, the 
form of the roof, all point to an origin in some southern 
forest-clad country, and strildngly corroborate the 
view derived from philology, that Greece was colo- 
nised from noTth-western India. But to erect columns 
and span them with huge blocks of stone, or marble, 
is not an act of reason, but one of pure unreasoning 
imitation. The arch is the only true and reasonable 
mode of covering over wide spaces with stone, and 
therefore, Grecian architecture, however exquisitely 
beautiful, is false in principle, and is by no means a 
good example of the application of reason to the art 
of building. And what do most of us do at the pre- 
sent day but imitate the buildings of those that have 
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gone before us? We have not even been able to 
i^iBCOver or develope any definite style of building 
best suited for us. We have no characteristio 
national style of architecture, and to that extent are 
even below the birds, who have each their cliaracter- 
istie form of nest, exactly adapted to their wants and 
habits. 

Birds do Alter and Improve their Nests when altered 
Conditions require it. 

The great uniformity in the architecture of each 
species of bird which has been supposed to prove a 
nest-building instinct, we may, therefore, fairly im- 
])ute to the uniformity of the conditions under which 
each species lives. Their range is often very limited, 
and they very seldom permanently change their 
country, so as to Le placed in new conditions. When, 
however, new conditions do occur, they take advan- 
tage of them just as freely and wisely as man could 
do. The chimney and house-swallows are a standing 
proof of a change of habit since chimneys and houscE 
were built, and in America this change has taker 
place within about three hundred years. Thread 
and worsted are now used in many nests instead oi 
wool and horsehair, and the jackdaw shows an affec- 
tion for the church steeple which can hardly be ex- 
plained by instinct. In the more thickly populatec 
parts of the United States, the Baltimore oriole uses 
all sorts of pieces of string, skeins of silk, or the 
gardener's bass, to weave into its fine pensile nest, 
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instead of the single hairs and vegetable fibres it bas 
painfully to seek in wilder regions ; and Wilson, a 
most careful observer, believes that it improves in 
neat-building by practice — the older birds making 
the best nests. The purple martin takes possession 
of empty gourds or small hoses, stuck up for its re- 
ception in almost every village and farm in America ; 
and several of the American wrens will also build 
in cigar boxes, with a small hole cut in them, if 
placed in a suitable situation. The orchard oriole of 
the United States oEFers ne an excellent example of 
a bird which modifies its nest accordincp to circum- 
stances. When built among firm and stiff branches 
the nest is very shallow, but if, as is often the 
case, it is suspended from the slender twigs of the 
weeping willow, it is made much deeper, so that when 
swayed about violently by the wind the young may 
not tumble out. It has been observed also, that the 
neats built in the warm Southern States are much 
slighter and more porous in texture than those in the 
colder regions of the north. Our o^vn house-sparrow 
equally well adapts himself to circumstances. When 
he builds in trees, as he, no doubt, always did origin- 
ally, he constructs a well-made domed nest, perfectly 
fitted to protect his young ones ; but when he can 
find a convenient hole in a building or among thateh, 
or in any well -sheltered place, he takes much less 
trouble, and forms a very loosely-built nest, 

A curious example of a recent change of habits has 
occurred in Jamaica, Previous to 1854, the palm 
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switt (Tachornis pTiEeiiieoboa) inhabited exclusively 
the palm trees in a few districts in the island. A 
colony then established themselves in two cocoa-nut 
palms in Spanish Town, and remained there till 1857, 
when one tree was blown down, and the other stripped 
of its foliage. Instead of now seeking out other palm 
trees, the swifts drove out the swallows who built in 
the Piazza of the House of Assembly, and took pos- 
session of it, building their nests on the tops of the 
end walls and at the angles formed by the beams and 
joists, a place which they continue to occupy in con- 
siderable numbers. It is remarked that here they form 
their nest with much less elaboration than when buiit 
in the palms, probably from being less exposed, 

A still more curious example of change and im- 
provement in nest building was published by Mr. F. 
A, Pouchet, in the tenth number of the Comptes 
Rendus for 1870, just as the first edition of this work 
appeared. Forty years ago M, Pouchet had himself 
collected nests of the House-Martin or Window- 
Swallow {Ilirundo urhica) from old buildings at Kouen, 
and deposited them in the museum of that city. On 
recently obtaining some more nests lie was surprised, 
on comparing them with the old ones, to find that 
they exhibited a decided change of form and structure. 
This led him to investigate the matter more closely. 
The changed nests had been obtained from houses in 
a newly erected quarter of the city, and he found that 
all the nests in the newly-built streets were of the 
new form. But on visiting the churches and oldei 
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buildings, and some rocks where these birds build, he 
found many nests oi the old type along with some of 
the new pattern. He then examined all the figures 
and descriptions of the older naturalists, and found 
that they invariably represented the older form only. 

The difference between the two forma he states to 
be as follows. In the old form the nest is a portion of 
a globe — when situated in the upper angle of a window 
one-fourth of a hemisphere — and the opening is very 
small and circidar, being of a size just sufficient to allow 
the body of the bird to pass. In the new form the 
nest is much wider in proportion to its height, being 
a segment of a depressed spheroid, and the aperture 
is very wide and shallow, and close to the horizontal 
surface to which the nest is attached above. 

M. Pouehet thinks that the new form is an un- 
doubted improvement on the old. The nest has a 
wider bottom and must allow the young ones to have 
more freedom of motion than in the old narrower, and 
deeper nests, and its wide aperture allows the young 
birds to peep out and breathe the fresh air. This is 
ao wide as to serve as a sort of balcony for them, and 
two young ones can often be seen on it without inter- 
fering with the passage in and out of the old birds. 
At the same time, by being so close to the roof, it is 
a better protection against rain, against cold, and 
against enemies, than the small round hole of the old 
nests. Here, then, we have an improvement in nest 
building, as well marked as any improvement that 
takes place in human dwellings in so short a time. 
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But perfection of structure and adaptation to pur- 
pose, are not universal characteristics of birds' nests, 
since there are decided imperfections in the nesting of 
many birds which are quite compatible with our pre- 
sent theory, but are hardly so with that of instinct, 
which is supposed to be infalhble. The Passenger 
pigeon of America often crowds the branches _vvith 
its nests till they break, and the ground is strewn 
with shattered nests, eggs, and young birds. Rooks' 
nests are often so imperfect that during high winds 
the eggs fall out ; but the Window- Swallow is the 
most unfortunate in this respect, for White, of Sel- 
borne, informs us that he has seen them build, year 
after year, in places where their nests are liable to be 
washed away by a heavy rain and their young ones 
destroyed. 

Conclusions 
A fair consideration of all these facts will, I think, 
fully support the statement with which I commenced, 
and show, that the mental faculties exhibited by birds 
in the construction of their nests, are the same in 
kind as those manifested by mankind in the formation 
of their dwellings. These are, essentially, imitation, 
and a slow and partial adaptation to new conditions. 
To compare the work of birds with the highest mani- 
festations of human art and science, is totally beside 
the question. I do not maintain that birds are gifted 
with reasoning faculties at all approaching in variety 
and extent to those of man. I simply hold that the 
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phenomena presented by their mode of builling their 
nests, when fairly compared with those exhibited by 
the great mass of mankind in building their houses, 
indicate no essential difference in the kind or nature 
of the mental faculties employed. If instinct means 
anything, it means the capacity to perform some com- 
plex act without teaching or experience^ It implies 
innate ideas of a very definite kind, and, if established, 
would overthrow Mr, Mill's sensationalism and all the 
modern philosophy of experience. That the existence 
of true iDstiact may be established in other cases is 
not impossible, but in the particular instance of birds' 
nests, which is usually considered one of its strong- 
holds, I cannot find a particle of evidence to show the 
existence of anything beyond those lower reasoning 
and imitative powers, which animals are universally 
admitted to doss ess. 
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A THEORY OF BIRDS' NESTS ; 
Showing the relation op certain diffeeences of 
COLOUR IN Female Birds, to their mode of 

NiDIFICATION. 

The habit of forming a more or less elaborate struc- 
ture for the reception of their eggs and young, must 
undoubtedly be looked upon as one of the most re- 
markable and interesting characteristics of the class of 
birds. In other classes of vertebrate animals, sucli 
structures are few and exceptional, and never attain 
to the same degree of completeness and beauty. Birds' 
nests have, accordingly, attracted much attention, and 
have furnished one of the stock arguments to prove 
the existence of a blind but unerring instinct in the 
lower animals. The very general belief that every 
bird is enabled to build its nest, not by the ordinary 
faculties of observation, memory, and imitation, but 
by means of some innate and mysterious impulse, has 
had the bad effect of withdrawing attention from the 
very evident relation that exists between the struc- 
ture, habits, and intelligence of birds, and the kind of 
nests they construct. 

In the preceding essay I have detailed several of 
these relations, and they teach us, that a consideration 
of the structure, the food, and other specialities of a 
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hiuW existence, \\ill gi^e % due, ind somptimea a very 
complete one, to the reason vthy it build', its nest of 
certain mitpnals, m a dbfinite situation, nnd in a more 
or less ehboiate manner 

I now piopoae to consider the question fiom a more 
generil pomt of viei\, and to disuusa its application 
to some important pioblenis m the nituiil history of 
birds. 

Chanjed Conditiom and per'n tmf Ilnbifs as infiuendng 
l\ tdiji itLon. 
B(.=(ides the ciuseu abo^e alluded to, thpip are two 
othei tutors whose eflect in any particulai cias we can 
only vigucly guess at, but which must hive had an 
importint influence m detoimming the existing details 
of nidiflcation These are — chmged conditions of ex- 
istencej wLethei infemal oi external, ind the influence 
of hereditarj or mutative hibit , the first inducing al- 
terations in accordance with changes of organic struc- 
ture, of climate, or of the surrounding fauna and 
flora; the other preserving the peculiarities so pro- 
duced, even when changed conditions render them no 
longer necessary. Many facts have been already given 
which show that birds do adapt their nosts to the situa- 
tions in which they place them, and the adoption of 
eaves, cliimneye, and boxes, by swallows, wrens, and 
many other birds, shows that they are always ready 
to take advantage of changed conditions. It is pro- 
bable, therefore, that a permanent change of climate 
would cause many birds to modify the form or 



Hn^lcdbyGoOglc 



A THEOBY OF BIRDS' 1{EST3. 233 

materials of their abodes, so as better to protect their 
young. The introduction of new enemies to eggs or 
young birds, might introduce many alterations tend- 
ing to their bettor concealment. A change in the 
vegetation of a country, would often necessitate the 
use of new materials. So, also, we may be sure, that 
as a species slowly became modified in any external or 
internal characters, it would necessarily change in some 
degree its mode of building. This effect would be 
produced by modifications of the most varied nature; 
such as the power and rapidity of flight, which must 
often determine the distance to which a bird will go to 
obtain materials for its nest; the capacity of sustain- 
ing itself almost motionless in the air, which must 
sometimes determine the position in which a nest can 
be built ; the strength and grasping power of the foot 
in relation to the weight of the bird, a power abso- 
lutely essential to the constructor of a delicately- woven 
and well finished nest the length and fineness of the 
beik, which has to be used like a needle m building 
the be=*t textile nests the length ind mobility of the 
nttk, which IS needful lor the same purpose , the pos- 
'^st.ion of a silivar> secietion like thit used m the 
nests of many of the swifts and swalione, as well as 
that of the song thrush — peculiaiiiies of htbits, which 
ultimifcely dej end on ttiucture, "ind which often deter- 
mine the miierial most fi-equentlj met iMth or mo^t 
ensiiy to be obtained M^dihcitions m any ot these 
chai"! ters would ncce =!aiilv letd, either to a change in 
the mciteruls of the nest, ur in the mide ot cjinbm- 
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ing them in the finished structure, or ia the form or 
position of that structure. 

During all these changes, however, certain speciali- 
ties of nest-building would continue, for a shorter or 
a longer time after the causes which had necessitated 
them had passed away. Such records of a vanished 
past meet us everywhere, even in man's works, not- 
withstanding his boasted reason. Not only are the 
main featmes of Greek architecture, mere reproduc- 
tions in stone of what were originally parts of a 
wooden building, but our modern copyists of Grothic 
architecture often build solid buttresses capped with 
weighty pinnacles, to support a wooden roof which has 
no outward thrust to render them necessary ; and even 
think they omamont their buildings by adding sham 
spouts of carved stone, while modem waterpipes, stuck 
on without any attempt at harmony, do the real duty. 
So, when railways superseded coaches, it was thought 
necessary to build the lirst-class carriages to imitate 
a number of coach-hodios joined together ; and the 
arm-loops for each passenger to hold on by, which 
were useful when bad roads made every journey a suc- 
cession of jolts and lurches, were continued on our 
smooth macadamised mail-routes, and, still more ab- 
surdly, remain to this day in our railway carriages, 
the relic of a kind of locomotion we can now hardly 
realize. Another good example is to be seen in our 
hoots. When elastic sides came into fashion we had 
been so long used to fststen thom with buttons or laces, 
that a boot without either looked bare and unfinished, 
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and accordingly the mafeera oiiten put on a row of 
useless buttons or imitation lac^, because habit ren- 
dered the appearance of them necessary to us. It is 
universally admitted that the habits of children and of 
savages give us the best clue to the habits and mode 
of thought of animals; and every one must have 
observed how children at first imitate the actions of 
their elders, without any regard to the use or appli- 
cability of the particular acts. So, in savages, many 
customs peculiar to each tribe are handed down from 
father to son merely by the force of habit, and are 
continued long after the purpose which they origi- 
nally served has ceased to exist. With these and a 
hundred similar facts everywhere around us, we may 
fairly impute much of what we cannot understand in 
the details of Bird-Architecture to an analogous cause. 
If we do not do so, we must issurae, either that birds 
ire guiled in every action by puie leason to a far 
gie'iter extent than men nie, or that in n fillible m 
atmct leids th m to tlio '-ame result by i difterent 
roid The first theory has noer, thxt I am ■vware 
of, been mamt iined by any author, and I have already 
shown that the second, although constantly assumed, 
has ne\tr been proved, and that i luge body of facts 
is entirely opposed to it. One of my critics has, in- 
deed, maintained that I admit " instinct " under the 
term " hereditary habit ;" but the whole course of my 
argument shows that I do not do so. Hereditary 
habit is, indeed, the same as instinct when tho term 
is applied to some simple action dependent upon a 
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peculiarity of structure which is hereditary; as when 
tlie dcBcendants of tumbler pigeons tumble, and the 
descendants of pouter pigeons pout. In the present 
case, howover, I compare it strictly to the hereditary, 
or more properly, persistent or imitative, habits of 
savages, in building their houses as their fathers did. 
Imitation is a lower faculty than invention. Children 
and savages imitate before they originate ; birds, as 
well as all other animals, do the same. 

The preceding observations are intended to show, 
that the exact mode of nidification of each species of 
bird is probably the result of a variety of causes, which 
have been continually inducing changes in accordance 
with changed organic or physical conditions. The 
most important of these causes seem to be, in the first 
place, the structure of the species, and, in the second, 
its environment or conditions of existence. Now we 
know, that every one of the characters or conditions 
included under these two heads is variable. We have 
seen that, on the lai^e scale, the main features of the 
rest built by each group of birds, bears a relation to 
the organic structure of that group, and we have, 
therefore, a right to infer, that as structiu'e varies, the 
nest will vary also in some particular corresponding 
to the changes of structure. "We have seen also, that 
birds change the position, the form, and the con- 
struction of their nest, whenever the available ma- 
terials or the available situations, vary naturally or 
have been altered by man; and we have, therefore, 
a right to infer that similar changes have taken place, 
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wlei by a mtui 1 jioc ? e\ternil conlitons hive 
Ipcume m any way fermanently nlkrtd "We must 
remember, Howgyli, thit ill these factors aie ^ery 
stable during miny jTenerations, inl only ch^nge it 
1 rate commensurate with those ol the g eit phjsicti 
te itures of the earth as le^ealed to us bj geology and 
we miy theaefore mfei thit the form and constiuct on 
ot nctti, which we have shown to be V[endt,iit on 
them aie eqnilly stable If, theiefiie we find It,^ 
imiortint and m re pisi1> modihed chaiacters than 
these so con latel with peculi \rities of nidihoatim as 
to indicate tl it one i"* probiblj the cause ot the 
othei, w' shill be justified m concluding that the«e 
Mriible chsiicteis ari, dejendent on the mode of nidi- 
tiLition, ind not that the form of the no t ha^ been 
letennined by tliese vinable tharacteia Such a cone- 
lation I am now J,bout to point out 

Clasnfii^atwn of Nests 

For the purpose of this mqmry it is necessary to 
group nests into two great classeij iMtliout any re- 
gai-d to their most obyioua differenceb or resemblances, 
but solely looking to the tact ol whether the contents 
(eggs, young, or sitting bird) are hidden or exposed 
to view. In the first class ■we place all those in 
which the eggs and young are completely hidden, no 
matter whether this is effected by an elaborate covered 
structure, or by depositing the oggs in some hollow 
tree or burrow underground. In the second, we group 
all in which the eggs, young, and sitting bird are 
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[ to view, no matter whether there is the moat 
beautifully formed nest, or none at all. Kingfishers, 
which build almost invariablj in holes in banks ; 
Woodpeckers aud Parrots, whioh bnild in hollow trees ; 
the Icterirtse of America, which all make beautiful 
covered and suspended nesfcs ; and our own Wren, 
which builds a domed ueat, are examples of the former ; 
while our Thrushes, Warblers, and Finches, as well 
as the Orowshrikes, Chatterers, and Tanagers of the 
tropics, together with all Kaptorial birds and Pigeons, 
and a vast number of others in every part of the 
world, all adopt the latter mode of braiding. 

It will be seen that this division of birds according to 
their nidiiication, bears little relation to the character 
of the nest itself. It is a functional not a. structural 
classification. The most rude and the most perfect 
specimens of bird-architecture are to be found in both 
sections. It bas, however, a certain relation to natural 
affinities, for large groups of birds, undoubtedly allied, 
fali into one or the other division exclusively. The 
species of a genus or of a family are rarely divided 
between the two primary classes, although they are 
frequently divided between the two very distinct modes 
of nidification that exist in the first of them. 

All the Scansorial or climbing, aud most of the 
Fissirostral or viiide-gaped birds, for example, build 
concealed nests; and, in the latter group, the two 
families which bnild open nests, the Swifts and the 
Gk)at-suckers, are undoubtedly very widely separated 
from the other families with which they are asso- 
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ciated in onr classifications. The Tit8 vary mucli in 
their mode of nesting, some making open nests con- 
cealed in a hole, while others huild domed or even pen- 
dnlons covered ncsta, but they all come under the same 
class. Starlings vary in a similar way. The talking 
Mynahs, hke our own starlings, huild in holes, the 
gloaay starlings of the East (of the genus Calornis) form 
a hanging covered nest, whOe the genua Sturnopastor 
bmlds m a hollow tree One of the most striking cases 
m whioh one fimilj of hnds is divided between the 
two clisses, IS that of the Finches, for while most of 
the Euiopean specie'* hmld exposed nests, many ot 
the Austi ^!ian finches make them dome-shaped 

Se \tal diQpienti. of Cohm in Bud 
Turning now from the nests to the creatuies who 
make them, let us considei birds them^ohcs from a 
somowhat unusual point of view, and form them into 
sepaiate groups, accordmg is both se\e=(, or the males 
only, ore idomed with couhpicuoua coloms 

The '^Lxuil difleiences of colour ind plumage m 
buds are lery lemirkiblo, and hue attratted much 
attention, and, in the case of pohgamous birds, ha^6 
been well exphinel bv Mr Darwin s principle of soxual 
selection M e cin, to a great Li.tentj undeistaud 
how male Pheasants and ttiouse luve acquired tlieir 
more brilliant plumage anl greater size, by the con- 
tinual nviliyof the miles both in strength and beauty, 
but this theoiy does not thiow any light on the causes 
which have made the female Toucan, lioe-eatcr, Parro- 
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quet, Macaw and Tit, in almost every ease as gay and 
brilliant aa the male, while tie gorgeous Chatterers, 
Manaldns, Tanagers, and Birds of Paradise, aa well aa 
our own Blackbird, have mates so dull and ineon- 
spicuous that they can hardly be recognised as be- 
longing to the same species. 

The Law which connects tlie Cohurs of Female Bird': 
with the mode of Nid^ cation. 

The above-stated anomaly can, however, now be ex- 
plained by the influence of the mode of niditication, 
since I iind that, with but very few exceptions, it ia 
the rule — that w/ten both sexes are of strikingly gay and 
conspiouous colours, the nest is of the first class, or 
such as to conceal the sitti/ng bird ; while, w/tenever there 
is a striking contrast of colours, tJie male being gay and 
conspicuous, the female dull and obscure, the nest is open 
and tlie sitting bird exposed to view. I will now pro- 
ceed to indicate the chief facts that support thia state- 
ment, and will afterwarda explain the manner in which 
I conceive the relation baa been brought about. 

We wiil first consider those groups of birds in which 
the female is gaily or at least conspicuously coloured, 
and is in most cases exactly like the male. 

1. Kingfishers (Alcedinidse). In some of the most 
brilliant species of this family the female exactly re- 
sembles the male ; in others there is a sexual difference, 
but it rarely tends to make the female less conspicuous. 
In aome, the female lias a band across the breast, which 
ia wanting in the male, as in the beautiful Halcyon 
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iJiops of Ternate. In others the band is rufous in the 
female, aa in several of the American species ; while 
in Dacelo gaudicliaudii, and others of the same genus, 
the tail of the female is rufous, wliile that of the male 
is blue. In most kingfishers the nest is in a deep 
hole in the ground ; in Tanysiptera it is said to be 
in a hole in the nests of termites, or sometimes in 
crevices under overhanging rocks. 

2. Motmota (Momotidfc). In these showy birds the 
sexes are exactly aJikej and the nest in a hole under 
ground. 

3. PufF-birda (Bucconidai). These birds are often 
gaily coloured ; some have eoral-red bills ; the sexes 
are exactly alike, and the nest is in a hole in slop- 
ing ground. 

4. Trogons (Trogonidse). In (.heso magnificent birds 
the females are generally loss brightly coloured than the 
males, but are yet often gay and conspicuous. The 
nest is in a hole of a tree, 

5. Hoopoes (Upupidse). The barred plumage and 
long crests of these birds render them conspicuous. The 
sexes are exactly alike, and the nest is in a hollow tree. 

6. Horubills (Bucorotida). These targe birds have 
enormous eolom'ed bilJa, which are generally quite as 
well coloured and conspicuous in the females. Their 
neats are always in hollow trees, where the female is 
entirely concealed. 

7. Barbets (Capitonids). These birds are all very 
gaily-coloured, and, what is remarkable, the moat bril- 
liant patches of colour are disposed about the head and 
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neck, and are very conspicuous. The sexes are exactly 
alike, and the neat is in a liole of a tree. 

S. Toucans (RhamphastidEe). These fine bii'ds are 
coloured in the most conspicuous parts of their body, 
especially on the lai'ge bill, and on the upper and lower 
tail coverts, which are crimson, white, or yellow. The 
sexes are exactly alike, and they always build in a hol- 
low tree. 

9. Plaintain-eaters (Musophagidffi). Here again the 
head and bill are most brilliantly coloured in both sexes, 
and the nest is in a hole of a tree. 

10. Ground cuckoos (Centi-opus). These birds are 
often of conspicuous colours, and are alike in both sexes. 
They build a domed nest. 

11. Woodpeckers (Picidaa). In this family the fe- 
males often differ from the males, in having a yellow 
or white, instead of a crimson crest, but are almost as 
conspicuous. Tliey all nest in holes in trees. 

12. Parrots (Psittaci). In this great tribe, adorned 
^fith the moat brilliant and varied colours, the rule is, 
that the sexes are precisely alike, and this is the case 
in the most gorgeous families, the lories, the cockatoos, 
and the macaws ; but in some there is a sexual dif- 
ference of colour to a slight extent. All build in holes, 
mostly in trees, but Bometimes in the gi-ouod, or in 
white ants' nests. In the single case in which the nest 
is exposed, that of the Australian ground parrot, Pezo- 
porns formosus, the bird has lost the gay colouring of 
its allies, and is clothed in sombre and completely pro- 
tective tints of dusky green and black. 
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13. Gapers (EurylEemidije). In these beautiful East- 
ern birds, somewhat allied to the American chatterers, 
the sexes are exactly alike, and are adorned with the 
moat gay and conspicuous markings. The nest is a 
woven structure, covered over, and suspended from the 
extremities of branches over water. 

14. Pardalotus (Ampelidso). In these Australian 
birds the females difPor from the males, hut are 
often very conspicuous, having brightly- spotted heads. 
Their nests are sometimes dome-shaped, sometimes 
in holes of trees, or in burrows in the ground. 

15. Tits (Paridffi). Those little birds are always 
pretty, and many (especially among the Indian species) 
are very conspicuous. They always have the sexes 
alike, a circumstance very unusual among the smaller 
gaily-coloured birds of our own country. The nest is 
always covered over or concealed in a hole. 

16. Nuthatches (Sitta). Often very pretty birds, the 
sexes alike, and the nest in a hole. 

17. (Sittfilla). The female of these Australian 

nuthatches is often the most conspicuous, being white- 
and black-marked. The nosfc is, according to Gould, 
" completely concealed among upright twigs connected 
together." 

18. Creepers (Climacteris). In these Australian 
creepers the sexes are alike, or the female most con- 
spicuous, and tlie nest is iu a hole of a tree. 

19. Estrelda, Amadina. In these genera of Eastern 
nnd Australian finches the females, although more or less 
different from the males, are still very conspicuous 
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having a red rump, or being white spotted. They 
differ from most others of the family in building 
domed nests. 

20. Certhiola- In these pretty little American 
creepers the sexes are alike, and they buiid a domed 
nest. 

21. Mynahs (Stumidie), These showy Eastern star- 
lingB have the sexes exactly alike. They bnild in holes 
of trees. 

22. Calornis (Sturnidic). These brilliant metallic 
starlings have no sexual differences. They build a 
pensile covered nest. 

23. Hangnests (Icteridse). The red or yellow and 
black plumage of most of these birds is very conspi- 
cuous, and is exactly alike in both sexes. They are 
celebrated for their fine purse-shaped pensile nesta. 

It will be seen that this list comprehends six im- 
portant families of Fissirostres, four of Scansores, the 
Psittaei, and several genera, with three entire families 
of Passores, comprising about twelve hundred species, 
or about one-seventh of all known birds. 

The cases in which, whenever the male is gaily 
coloured, the female is much less gay or quite incon- 
spicuouB, are exceedingly numerous, comprising, in 
fact, almost all the bright-coloured Passeres, except 
those enumerated in the preceding class. The follow- 
ing are the most remarkable : — 

1, Chatterers (Cptingidse). These comprise some of 
the most gorgeous birds in the world, vivid blues, 



Hn^lcdbyGoOglc 



A THEOBY OF BIRDS' NESTS. 245 

rich purples, aad bright reds, being the most charac- 
teristic colours. The females are always obscurely 
tinted, and are often of a greenish liue, not ea-sily 
visible among the foliage, 

2. Manakins (Pipridsc). These elegant birds, whose 
caps or crests are of the moat brilliant colours, are 
usually of a sombre green in the female Sex. 

3. Tanagers (Tanagridai). These rival the chatterers 
in the brilliancy of their colours, anct are even more 
varied. The females arc generally of plain and sombre 
hues, and always less conspicuous than the males. 

In the extensive families of the warblers (Sylviadte), 
thrushes (Turdidas), flycatchers (Muacicapidse), and 
shrikes (Laniadaj), a considerable proportion of the 
species are beautifully marked with gay and conspi- 
cuous tints, as is also the case in the PhGasants and 
Grouse ; but in every ease the females are less gay, 
and are most frequently of the very plainest and least 
conspicuous hues. Now, throughout tlie witole of these 
families the nest is open, and I am not aware of a 
single instance in which any one of these birds builds 
a domed nest, or places it in a hole of a tree, or under- 
ground, or in any place where it is effectually con- 
cealed. 

In considering the question we are now investigating, 
it is not necessary to take into account the larger and 
more powerful birds, because these seldom depend 
much on concealment to secure their safety. In tlie 
raptorial birds bright colours are as a rule absent ; 
and their structure and habits arc such as not to re- 
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quire any special protection for the female. The larger 
waders are sometimes very brightly coloured io both 
sexes ; but they are probably little subject to the attacks 
of enemies, since the scarlet ibis, the most conspieuous 
of birds, existe in immense quantities in South America. 
In game birds and water-fowl, however, the females 
are often verj- plainly coloured, when the males are 
adorned with brilliant hues ; and the abnormal family 
of the Megapodid^ offers us the interesting fact of an 
identity in the colours of the sexes (which in Mega- 
cephalon and Talegalla are somewhat conspicuous), in 
conjunction with the habit of not sitting on the eggs 
at all. 

WJiat the Facts Teach us. 
Taking the whole body of evidence bere brought 
forward, embracing as it does almost every group of 
bright- coloured birds, it will, I think, be admitted 
that the relation between the two series of facts in 
the colouring and nidification of birds has been suffi- 
ciently established. There are, it is trne, a few 
apparent and some real exceptions, which I shaii con- 
sider presently ; but they are too few and unimportant 
to weigh much against the mass of evidence on the 
other side, and may for tlie present be neglected. 
Let US then consider what we are to do with this 
unexpected set of correspondences between groups of 
phenomena which, at first sight, appear so discon- 
nected. Do they fall in with any other groups of 
natural phenomena, ? Do they teach us anything of tho 
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way in which nature works, and give us any insight 
into the causes which have brought about the jnarvel- 
lou8 variety, and beauty, and harmony of living things? 
I believe we can answer these questions in the affirm- 
ative; and I may mention, as a suiHcient proof that 
these are not isolated facts, that I was iirst led to 
see their relation to each other by the study of an 
analogous though distinct set of phenomena among in- 
sects, that of protective resemblance and "mimicry." 
On considering this remarkable scries of correspond- 
ing facts, the first thing we are taught by them seems 
to be, that there is no incapacity in the female ses 
among bii-ds, to receive the same bright hues and 
strongly contrasted tints with which their partners are 
so often decorated, since whenever they are protected 
and concealed during the period of incubation th&/ 
are similarly adorned. The fair inference is, that it is 
chiefly due to the absence of protection or concealment 
during this important epoch, that gay and conspicuous 
tints are withheld or left imdeveloped. The mode in 
which this has been effected is very intelligible, if we 
admit the action of natural and sexual selection. It 
would appear from the numerous cases in which both 
sexes are adorned with equally brilliant colours (while 
both sexes are rarely armed with equally developed 
offensive and defensive weapons when not required for 
individual safety), that the normal action of "sexual 
selection " is to develop colour and beauty in both 
sexes, by the preservation and multiplication of all 
varieties of colour in either sex which are pleasing 
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to the other. Several very close observers of the 
habits of animals have assured mo, that male birds and 
quadrupeds do often talce very strong likes and dis- 
likes to individual females, and we can hardly believe 
that the one sex (the female) can have a general taste 
for colour while the other has no such taste. How- 
ever this may be, the fact remains, that in a vast 
number of cases the female acquires as brilliant and 
as varied colours as the male, and therefore most pro- 
bably acquires them in the same way as the male does ; 
that is, either because the colour is useful to it, or is 
correlated with some useful variation, or is pleasing to 
the other sex. The only remaining supposition is that 
it is transmitted from the other sexj without being ot 
any use. From the number of examples above adduced 
of bright colours in the female, this would imply that 
colour- characters acquired by one sex are generally 
(but not necessarily) transmitted to the other. If this 
be the case it will, I think, enable us to explain the 
phenomena, even if we do not admit that the malo 
bird is ever influenced in the choice of a mate by her 
more gay or perfect plumage. 

The female bird, while sitting on her eggs in an 
uncovered nest, is much exposed to the attacks of 
enemies, and any modification of colour which ren- 
dered her more conspicuous would often lead to her 
destruction and that of her offspring. All variations 
of colour in this direction in the female, would there- 
fore sooner or later be eliminated, while such modifi- 
cations as rendered her ineonspicuousj by assimilating 
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her to surrounding objects, as the earth or the foliage, 
would, on the whole, suarvive the longest, and thus 
lead to the attainment of those brown or green and 
inconspicuous tints, which form the colouring (of the 
upper surface at least), of the vast majority of female 
birds which sit upon open nests. 

This does not imply, as some have thought, that all 
female birds wei-e once as brilliant as the males. The 
change has been a very gradual one, generally dating 
from the origin of genera or of larger groups, but 
there can be no doubt that the remote ancestry of 
birds having great sexual differences of colour, were 
nearly or quite alike, sometimes (perhaps in most 
cases) more nearly resembling the icmaJe, but occa- 
sionally perhaps being nearer what the male is now. 
The young birds (which usually resemble the females) 
will probably givo some idea of this ancestral type, 
and it is well known tliat the young of allied species 
and of different seses are often midistinguishable. 

Colour more variable tJtan Structure or Habits, and 
thefe/ore tlie Character which has generally been 



At the commencement of this essay, I have endea- 
voured to prove, that the characteristic differences and 
the essential features of birds' nests, are dependent on 
the structure of the species and upon the present and 
past conditions of their existence. Both these factors 
are more important and less variable than colour; and 
we must therefore conclude that in most cases the mode 
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of nidifieatlon (dependent on structure and environ- 
ment) has been the cause, and not the effect, of the 
similarity or differences of tiie sexes as regards colour. 
When the confirmed habit of a group of birds, was to 
buiid tboir nests in holes of trees like the toucans, or in 
holes in the ground like the kingfishers, the protection 
the female thus obtained, during the important and 
dangerous time of incubation, placed the two sexes on 
an equality as regards exposure to attack, and allowed 
" sexual selection," or any other cause, to act unchecked 
in the development of gay colours and conspicuous 
markings in both eexes. 

When, on the other hand (as in the Tanagera and 
Flycatchers), the habit of the whole group was to build 
open cup-shaped nests in more or less exposed situa- 
tions, the production of colour and marking in the 
female, by whatever cause, was continually diecked by 
its rendering her too conspicuous, while in the male it 
had free play, and developed in him the most gorgeous 
hues. This, however, was not perhaps universally the 
case ; for where there was more than usual intelligence 
and capacity for change of habits, the danger the fe- 
male was exposed to by a partial brightness of colour 
or marking might lead to the construction of a concealed 
or covered nest, as in the case of the Tits and Hang- 
nests. When this occurred, a special protection to the 
female would be no longer necessary ; so that the 
acquisition of colour and the modification of the nest, 
might in some cases act and react on each other and 
attain their full development together. 
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Exceptional Cases ccmfirmatori/ of the ahooe 
Explanation. 
There exist a few very curious and anomalous facts 
ill the natural history of birds, which fortunately serve 
as crucial testa of the truth of this mode of explaining 
the inec[ualitiea of sexua] colouration. It has been long 
known, that in some species the males either assisted in, 
or wholly performed, the act of incubation. It has also 
been often noticed, that ifi certain birds the usual sexual 
differences were reversed, the male being tlie more 
plainly coloured, the female more gay and often larger. 
I am not, however, aware that these two anomalies had 
ever been supposed to stand to each other in the rela- 
tion of cause and eifect, till I adduced them in support 
of my views of the general theory of protective adapta- 
tion. Yet it is undoubtediy the fact, that in the best 
Imown cases in which the female bird is more conspi- 
cuously coloured than the male, it is either positively 
ascertained that the latter performs the duties of in- 
cubation, or there are good reasons for believing such 
to be the case. The most satisfactory example is that 
of the Gray Phalarope (Phalaropus fuliearius), the 
sexes of which are alilse in winter, while in summer 
the female instead of the male takes on a gay and 
conspicuous nuptial plumage ; but the male performs 
the duties of incubation, sitting upon the eggs, which 
are laid upon the bare ground. 

In the Dotterell (Eudromias morinellus) the female 
is larger and more brightly coloured than the mate ; and 
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here, also, it is almost certain that the latter sits upon 
the eggs. The TErnices of India also, have the female 
larger and often more brightly coloured ; and Mr. 
Jerdon states, in his " Birds of India," that the natives 
report, that, during the breeding season, the females 
desert their eggs and associate in ilocks, while the 
males are employed in hatching the eggs. In the few 
other cases in which the females are more brightly 
coloured, the habits are not accurately known. The 
case of the Ostriches and Emeus will occur to many as 
a dif&culty, for here the male incubates, but is not less 
conspicuous than the female ; but there are two reasons 
why the case does not apply ; — the birds are too largo 
to derive any safety from concealment, from enemies 
which would devour the eggs they can defend them- 
selves by force, while to escape from their personal foes 
they trust to speed. 

We 6nd, therefore, that a very large mass of facts 
relating to the sexual colouration and the mode of 
nidification of birds, including some of the most 
extraordinary anomalies to be found in their natural 
history, can bo shown to have an interdependent re- 
lation to each other, on the simple principle of the need 
of greater protection to that parent which performs the 
duties of incubation. Considering the very imperfect 
knowledge we possess of the habits of most extra- 
European birds, the exceptions to the prevalent rule 
are few, and generally occur in isolated species or in 
small groups ; while several apparent exceptions can 
be shown to be really confirmations of the law. 
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Real or apparent Exceptions to tlie Law stated at 
page 240. 

The only marked exceptions I have been able to 
discover are the following : — 

1. King crow9 (Dicronrua), Theije birds are of a 
glossy black colour with long forked tails. The sexes 
present no difference, and they build open nests. This 
apparent exception may probably be accounted for by 
the fact that these birds do not need the prutection 
of a less conspicuons colour. They are very pugna- 
cious, and often attack and drive away crows, hawks, 
and kites; and as they are sc mi-gregarious in their 
habits, the females are not likely to be attacked while 
incubating, 

2. Orioles (Oriolid^e). The true orioles are very gay 
birds ; the sexes are, in many Eastern species, either 
nearly or quite alike, and the nests are open. This 
is one of the mo'it serious exceptions, but it i^ one 
that to some extent proves tho rule ; for in this case 
it has been noticed, that the parent birds display 
excessive care and soUcitude in concealing the nest 
among thick foliage, and in protecting their offspring 
by incessant and anxious watching. This indicates 
that tlie want of protection consequent on the bright 
colour of tlie female makes itself felt, and is obviated 
by an increased development of tho mental faculties. 

3. Ground thrushes (Pittidse). These elegant and 
briEiantly-coloured birds are generally aliko in both 
sexes, and build an open nest. It is curiou'*, however, 
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that this IS only an appireiit exceytion, ki ilmoat ill 
tlie bnght coloms aro on the undti suitit*,, the back 
being usually oli\e i^reea or brown, and the head blii-k, 
with brown oi whitish ttnpes, all which loIouis ^\ou1c1 
harmonize with the foliage, sticks, and roots which 
fcuiround the nest, buzlt on oi near the giound, and 
thus serve as ^^, piotection to the female bird 

4 Gralhn^ Austiihs This Anstralnn bird is of 
atioiiglj contrasted bhck T.nd white colonrs The sexci 
aie eji-ictly alike, ^od it budds an open diy nest m 
an exposed situ.itioii on a tiee This appeals to be 
1 most stnl nig exception, but I am by no meana 
sure that it is so We requne to Itiow what tree it 
usually builds on, the coloui of the baiL oi of the 
lichen'^ that aiow ufon it, the tints of the giound, 
or of cthci Burioundmg objeuts, before we cin say 
that the bud, -vihen sitting on it& nest, is reilly con- 
spicuous It las bfen remoiked that sm-Jl pitches 
of whito and bl ick blend it a short distince to foim 
grej one of the ccmmonost tints of natmil oljects 

5 fcunbirds (Nectar ineide) In these beautiful 
little birds the m les only lie adorned with brilliant 
cclouis the ftmiles being quite plain, yet thej build 
covered nests in all the cases in which the nidification 
is known. This is a negative rather than a positive 
exception to the rule, since there may be other causes 
besides the need for protection, which prevent the 
female acquiring the gay colours of her inate, and 
there is one curious circumstance which tends to 
elucidate it. The male of Leptocoma zeylaiiica is said 
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to assist in incubation. It is possible, therefore, that 
tho group may originally have used open nests, and 
some change of conilitions, leadino the male biril to 
sit, may have been followed by tho adoption of a 
domed nest. This is, however, the most serious ex- 
fi-ption I have yet found to the general rule. 

6, Superb warblers (Malurida.-). The males of these 
littlo birds are adorned with the most gorgeous colours, 
while the females are very plain, yet they make domed 
nests. It is to be observed, however, that the male 
plumage h nuptial merely, and is retained for a very 
ihort time ; the rest of the year both sexes are plain 
alike. It is probable, therefore, that the domed ne&fc 
is for tho protection of these delicate little birds against 
the rain, and that there is some unknown cause which 
has led to the development of colour in the males only. 
There is one other case which at first sight looks 
like an exception, but which is far from being one 
in reality, and deserves to be mentioned. In the 
beautiful Waswing, (Bombycilla garrula,) the sexes 
are very nearly alike, and the elegant red wax tips to 
the wing-feathers aie nearly, and sometimes quite, 
as conspicuous in the female as in the male. Yet it 
builds an open nest, and a person looking at the bird 
wouJd say it ought according to my theory to cover 
its nest. But it is, in reality, as completely protected 
by its colouration as the most plainly coloured bird 
that flies. It breeds only in very high latitudes, and 
the nest, placed in fir-tree^, is formed chiefly of 
lichens. Now the delicate gray and ashy and purplish 
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hues of the head and bact, together with the yellow 
of the wings and tail, are tints that exactly harmonize 
with the colours of various species of lichens, while 
the brilliant red wax tips exactly represent the crimson 
fructification of the common lichen, Cladonia cocci- 
fera. When sitting on its nest, therefore, the female 
bird wili exhibit no colours that arc not common 
to the materials of which it is constructed; and the 
several tints are distributed in about the same pro- 
portions as they occur in nature. At a short distance 
the bird would be indistinguishable from the nest it is 
sitting on, or from a natural clump of lichens, and 
wiU tbns be completely protected. 

I think I have now noticed al! exceptions of any 
importance to the law of dependence of soxua! colour 
on nidification. It will be seen that tlicy are very 
few in number, compared with those which support 
the generalization ; and in several cases there are 
circumstances in the habits or structure of the species 
that suflieientJy explain them. It is remarkable also 
that I have found scarcely any positive exceptions, 
that is, cases of very brilliant or conspicuous female 
birds in which the nest was not concealed. Much less 
can there be shown any group of birds, in which the 
females are all of decidedly conspicuous colours on 
the upper surface, and yet sit in open nests. The 
many eases in which birds of dull colours in both 
sexes make domed or concealed nests, do not, of course, 
affect this theory one way or the other ; since ite 
purpose is only to account for the fact, that brilliant 
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females of brilliant males are always foirnd to lia.ve 
covered or hidden nests, while obscure females of 
brilliatit males almost always have open and exposed 
nests. The fact that all classes of nests occur with 
dull coloured birds in both sexes merely shows, as I 
have strongly maintained, that in most cases the 
character of the nest determines the colouration, of 
the female, and not vice versd. 

If the views here advocated are correct, as to the 
various influences that have determined the specialities 
of every bird's nest, and the general colouration of 
female birds, with their action and reaction on each 
other, we can hardly expect to find evidence more 
complete than that here set forth. Nature is such a 
tangled web of complex relations, that a series of 
correspondences running through hundreds of species, 
genera, and families, in every part of the system, can 
hardly fail to indicate a true casual connexion ; and 
when, of the two factors in the problem, one can be 
shown to be dependent on the most deeply seated and 
the most stable facts of structure and conditions of 
life, while the other is a character universally admitted 
to he superficial and easily modified, there can be 
little doubt as to which is c^use and which effect. 

VariauB modes of Protection of Ardmah, 
But tho explanation of the phenomenon here at- 
tempted does not rest alone on the facts I have been 
able now to adduce. In tho essay on " Mimicry," 
it ia shown how important a part the necessity for 



Hn^lcdbyGoOglc 



258 A THEORY OF BIBBS' NESTS. 

protection has played, in determining the externa] form 
and coloi]ration, and sometimes even the internal 
structure of animals. 

As illustrating this latt«r point, I may refer to the 
remarkable hooked, branched, or star-like spicule in 
many sponges, which are believed to have tho function 
chiefly, of rendering them unpalatable to other crea- 
tures. The HoIothuridEe or sea-cucumbers possess a 
Bimilar protection, many of them having anchor-shaped 
spicules embedded in their akin, as the Hynapta ; while 
others (Cnviera squamata) are covered with a hard 
calcareous pavement. Many of these are of a bright 
red or purple colour, and are very conspicuous, while 
the allied Trepang, or Eeche-de-mer (Holothuria 
edulis), which is not armed with any such defensive 
weapons, is of a dull sand- or mud-colour, to as hardly 
to be distinguished from the sea bed on which it 
re2)oses. Jlany of the smaller marine animals are 
protected by their almost invisible transpai'ency, while 
those that are most brightly coloured will be often 
found to have a special protection, either in stinging 
tentacles like Phywalia, or in a hard calcareous crust, 
as in the star fishes. 

Females of nome Grmtps rehire and ohtahi inorp Pro- 
teclvm than the Malei. 
In the struggle for csistcnee ince^bantly going on, 
protection or concealment is one of the most general 
and most offectnal means of maintaining life ; and it is 
by modifications of colour that this protection can be 
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most readily obtained, since no other character is sub- 
ject to such nnmeroaa and rapid yanationa The cise I 
have now endeavoured to iliuutiite la e'^ictlj inilogons 
to what occurs among butterflies As i geneial rule, 
the female butterfly is of dull and inconspicuous colours, 
even when the male is most gorgeously irrayed , but 
when the species is protected fiom 'ittiik by i di'-a- 
greeable odour, as in the Hehconidt, Din'^idse ind 
Aoroaidfe, both sesea display the same or equally biil- 
Hant hues. Among the species which ^im i piotec- 
tion by imitating these, the M,iy weak ■ind alow-flying 
Leptalides resemble them m both sexf, beiause both 
sexes alike require protection, while m the mere acti\e 
and strong-winged genera — Papilio, Pieris, and Dia- 
dema — it is generally the females only that mimic the 
protected groups, and in doing so often become actually 
more gay and more conspicuous than the males, thus 
reversing the usual and in fiict almost universal char- 
acters of the sexes. So, in the wonderful Eastern leaf- 
insects of the genus Phyllium, it is the female only 
that so marvellously imitates a green leaf; and in all 
these cases the difference can be traced to the greater 
need of protection for the female, on whoso continued 
existence, while depositing her eggs, the safety of the 
race depends. In Mammalia and in reptiles, however 
brilliant the colours may be, there is rarely any diifer- 
ence between that of the sexes, because the female is 
not necessarily more exposed to attack than the male. 
It may, I think, be looked upon as a confirmation of 
this view , that no single case is known either in the 
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above-named genera — Papilio, Pieris, and Diadoma — or 
in any other butterfly, of a male alone, mimicking 
one of tlie Danaidse or HellconidEe. Yet the necessary 
colour is far more abundant in the males, and varia- 
tions always seem ready for any useful purpose. This 
soema to depend on the general law, that each species 
and each sex can only be modified jtist as far as is 
absolutely necessary for it to maintain itself in the 
struggle for existence, not a step further. A male 
insect by its structure and habits is less exposed to 
danger, and also requires less protection than the 
female. It caimot, therefore, alone acquire any farther 
protection through the agency of natural selection. 
But the female requires some extra protection, to 
balance tlie greater danger to which she is exposed, 
and her greater importance to the existence of the 
species; and this she always acquires, in one way or 
another, through the action of natural selection. 

In his "Origin of Species," fourth edition, p. 241, 
Mr. Darwin recognises the necessity for protection as 
sometimes being a cause of the obscure colours of fe- 
male birds; but ho does not seem to consider it so 
very important an agent in modifying colour as I am 
disposed to do. In the same paragraph (p. 240), he 
allndes to the fact of female birds and butterflies being 
sometimes very plain, sometimes as gay as the males; 
but, apparently, considers this mainly due to peculiar 
laws of inheritance, which sometimes continue acquired 
colonr in the line of one sex only, sometimes in both. 
Without denying the action of such a law (which Mr. 
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Darwin informs me he lias facts to support), I impute 
the difference, in the great majority of cases, to the 
greater or less need of protection in the female sex in 
these groups of animals. 

This need was seen to exist a century ago by 
the Hon. Dainee Barrington, who, in the article 
already quoted (see p. 220), after alluding to the 
fact that singing birds are all small, and suggesting 
(but I think erroneously) that this may have arisen 
from the difficulty larger birds woulil have in con- 
cealing themselves if they called the attention of 
their enemies by loud notes, goes on thus -. — " I 
should rather conceive it is for the same reason no 
hen bird sings, because this talent would be still 
more dangerous during incubation, which moif pos- 
sibly also account for the inferiority in poiiit of 
plumage." This is a curious anticipation of the 
main idea on which this essay is founded. It has 
been unnoticed for near a century, aurl my atten- 
tion was only recently called to it by Mr. Darwin 
himself. 

Conclusion. 

To some persons it will perhaps appear, that the 
causes to which I impute so much of the external 
aspect of nature are too simple, too insignificant, 
and too unimportant for such a mighty work. But 
I would ask them to consider, tliat the great object 
of all the peculiarities of animal structure is to pre- 
serve the life of the individual, and to maintain the 
existence of the species. Colour has hitherto been 
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too ofteE looked upon aa something advcntitioiis and 
Buperficialj something given to an animal not to be 
useful to itself, but solely to gratify man or even 
superior beings — to add to the beauty and ideal 
harmony o£ nature. If this were the case, then, it 
is evident that the colours of organised beings would 
be an exception to moat other natural phenomena. 
They would not be the product of general laws, or 
determined by ever-changing external conditions ; 
and we must give up all enquiry into their origin 
and causes, since (by the hypothesis) they are de- 
pendent on a Will whose motives must ever be un- 
known to us. But, strange to say, no sooner do 
we begin to examine and classify the colours of 
natural objects, than we find that they are intimately 
related to a variety of other phenomena, and are, 
like them, strictly subordinated to general laws. I 
have here attempted to elucidate some of these laws 
in the case of birds, and have shown how the mode 
of nidification bag affected the colouring of the female 
sex in this group. I have before shown to how great 
an extent, and in how many ways, the need of pro- 
tection has determined the colours of insects, and of 
some groups of reptiles and mammalia, and I would 
now call particular attention to the fact that the gay 
tints of flowers, so long supposed to be a convincing 
proof that colour has been bestowed for other pur- 
poses than the good of its possessor, have been shown 
by Mr. Darwin to follow the same great law of utility. 
Flowers do not often need orotection, but very oftea 
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require tlie aid of insects to fertilize them, and main- 
tain their reproductive powera in the greatest vigour. 
Their gay colours attract insects, as do also theur 
sweet odours and honeyed secretions ; and that this 
is the main function of colour in flowers is shown 
by the striking fact, that those flowers which can 
be perfectly fertilized by the wind, and do not need 
the aid of insects, rarely or never have gaily-coloured 
powers. 

This wide extension of the general principle of 
utility to the colours of such varied groups, both in 
the animal and vegetable kingdoms, compels ua to 
acknowledge that the "reign of law" has been fairly 
traced iuto this stronghold of the advocates of special 
creation. And to these who oppose the explanation 
1 have given of the facts adduced in this essay, I 
would again respectfully urge that tbey must grapple 
with the whole of the facts, not one or two of them 
only. It will be admitted that, on the theory of 
evolution and natural selection, a wide range of facts 
with regard to colour in nature have been co-ordi- 
nated and explained. Until at least an equally wide 
range of facts can be shown to be in harmony with 
any other theory, we can hardly be expected to aban- 
don that which has already done such good service, 
and which has led to the discovery of so many in- 
teresting and unexpected harmonies among the moat 
common (but hitherto most neglected and least un- 
derstood), of the phenomena presented by organised 
beintfs. 
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CREATION BY LA"Vr. 

Amonq the various critieisma that have appeared on 
Mr. Darwin's celebrated " Origin of Species," there 
is, perhaps, none tliat will appeal to so large a number 
of well educated and intelligent peraona, as that con- 
tained in the Diike of Argyll's " Eeign of Law." The 
noble author represents the feelings and expresses the 
ideas of that large class, who take a keen interest in 
the progress of Science in general, and especially that 
of Natural History, but have never themselves studied 
nature in detail, or acq^uired that personal knowledge 
of the stinicturo of closely allied forma, — the wonder- 
ful gradations from species to species and from group 
to group, and the infinite variety of the phenomena 
of " variation " in organic beings, — which are abso- 
lutely necessary for a full appreciation of the facts and 
reasonings contained in Mr. Darwin's great work. 

Nearly half of the Duke's book is devoted to an 
exposition of his idea of " Creation by Law," and he 
expresses so clearly what are his dilBcnlties and ob- 
jections as regards the theory of " Natural Selection," 
that I think it advisable that they should be fairly 
answered, and that his own views should bo shown to 
lead to conclusions, as hard to accept as any which he 
imputes to Mr. Dai-win. 
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The point on which the Duke of Argyll lays most 
stress, is, that proofs of Mind everywhere meet ua in 
Nature, and are more especially manifest wherever we 
find "contrivance" or "beauty." He maintains that 
this indicates the constant supervision and direct in- 
terference of the Creator, and cannot possibly he 
explained by the unassisted action of any combination 
of laws. Now, Mr. Darwin's work has for its main 
object, to show, that all the phenomena of living 
things, — all their wonderful organs and complicated 
structures, their infinite variety of form, size, and 
colonr, their intricate and involved relations to each 
other, — may have been produced by the action of a 
few general laws of the simplest kind, laws which are 
in most cases mere statements of admitted facts. The 
chief of these laws or facts are the following : — 

1. 3^ Laiv of Multiplication in Geometrical Pro- 
gression. — All organized beings have enormous powers 
of multiplication. Even man, who increases slower 
than all other animals, could under the most favour- 
able circumstances double his numbers every fifteen 
years, or a hnndred-fold in a century. Many animals 
and plants conid increase their numbers ftom ten to 
a thousand-fold every year. 

2. T/ie Law of Limited Popuhtyms. — The number 
of living individuals of each species in any country, 
or in the whole globe, is practically stationary ; whence 
it follows that the whole of this enormous increase 
must die off almost as fast as produced, except only 
those individuals for whom room is made by the death 
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of parents. As a simple but striking example, take 
an oak forest. Every oak will drop aimnally thou- 
sands or millions of acorns, bat tUl an old tree falls, 
not one of these millions can grow up into an oak. 
They must die at various stages of growth. 

3. Tlte Law of Heredity, or Likeness of Offspring 
to their Parents. — This is a universal, but not an 
absolute law. All creatures resemble their parents in 
a high degree, and in the majority of cases very ac- 
curately; so that even individual peculiarities, of what- 
ever kind, in the parents, are almost always transmitted 
to some of the offepring. 

4, The Law of Variation. — This is fully expressed 
by the lines ; — 



Offspring resemble their parents very much, but not 
wholly — each being possesses its individuality. This 
"variation" itself varies in amount, biit it is always 
present, not only in the whole being, but in every 
part of every being. Every organ, every character, 
every feeling is individual ; that is to say, varies from 
the same organ, character, or feeling in every other 
individual. 

5. TJie Law of nneeasing Change of Pla/mal Con- 
ditions upon the Surface of the Earth — Geology shows 
us that this change has always gone on in times past, 
and we also know that it is^ now everywhere going on. 

6. TM Equilibrium or Harmony of Nature. — When 
a species is well adapted to tlie conditions which 
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environ it, it flourishes ; when imperfectly adapted it 
decays ; when ill-adapted it becomes extinct. If all 
the conditions' which determine an organism's well- 
being are taken into consideration, this statement can 
hardly be disputed. 

This series of fact'? or Iaw«, are mere statements of 
what is the condition of nature. They are facts or 
inferences whieh are generally known, generally ad- 
mitted— biit in discnsaing the anbject of the " Origin 
of Species " — as generally forgotten. It is from these 
miiversally admitted facts, that the origin of all the 
varied forms of nature may be deduced by a logical 
chain of reasoning, which, however, is at every step 
verified and shown to bo in strict accord with facts ; 
and, at the same time, many curious phenomena which 
can by no otlier means be understood, are explained 
and accounted for. It is probable, that these primary 
facts or laws are but results of the very nature of life, 
and of the essential properties of organized and un- 
organized matter. Mr. Herbert Spencer, in his ''First 
Principles" and his " Biology" has, I think, made us 
able to understand how this may be; but at present 
wc may accept these simple laws without going further, 
back, and the question then is — whether the variety, the 
harmony, the contrivance, and the beauty we perceive 
in organic beings, can have been produced by the 
action of tliese laws alone, or whether we are required 
to believe in the incessant interference and direct action 
of the mind and will of the Creator. It is simply a 
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question of how the Creator has worked. The Duke 
(and 1 quote him as having well expressed tlie views 
of the more intelligent of Sir. Darwin's opponents) 
maintains, that He has personally applied general laws 
to produce effects, which those laws are not in them- 
selves capable of producing; that the universe alone, 
with all its laws intact, would be a sort of chaos, with- 
out variety, without harmony, without design, without 
beauty ; that there is not (and therefore we may pre- 
sume that there could not be) any self- developing 
power in the universe. I believe, on the contrary, 
that tho universe is so constituted as to be self-regu- 
lating; that as long as it contains Life, the forms under 
which that life is manifested have an inherent power 
of adjnatreient to each other and to smiounding na- 
ture; and that this adjustment necessarily leads to the 
greatest amount of variety and beauty and enjoyment, 
because it does depend on general laws, and not on 
a continual supervision and re-an-angement of details. 
As a matter of feeling and religion, I hold this to be 
a far higher conception of the Creator and of the 
Universe that that which may bo called tho "continual 
interference" hypothesis; but it is not a question to 
be decided by our feelings or convictions, it is a ques- 
tion of facts and of reason. Could the change, which 
Gfeology shows us has ever taken place in the forms 
of life, have been produced by general laws, or does 
it imperatively require the incessant supervision of ft 
creative mind? Tliis is the question for us to consider, 
;tnd our opponents have the difficult task of proving 
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a negative, if we show that there are both facta and 
analogies in our favour. 

Mr. Darwin's Metap/iors liable to AEscoitcepticm. 

Mr. Darwin has laid himself open to much miscon- 
ception, and has given to hia opponents a powerful 
weapon against himself, by his continnal use of meta- 
phor in describing the wonderful co-adaptations of 
organic beings. 

" It is curious," says the Duke of Argyll, " to ob- 
serve the language which this most advanced disciple 
of pure naturalism instinctively uses, when he has to 
describe the complicated structure of this curious 
order of plants (the Orchids). 'Caution in ascribing 
intentions to nature,' does not seem to occur to him as 
possible. Intention is the ono thing which he does see, 
and which, when he does not see, he seeks for diligently 
until he finds it. He exhausts every form of words and 
of illusti'ation, by which intention or mental purpose 
can be described. ' Contrivance ' — ' curious contriv- 
ance,' — ' beautiful contrivance,' — theso are expressions 
which occur over and over again. Here is one sen- 
tence describing the parts of a particular species : ' the 
Labellum is developed into a long nectary, in order to 
attract Lepidoptera, and we shall presently give reason 
for suspecting that the nectar is purposely bo lodged, 
that it can be sucked only slowly in ordei' to give timo 
for the ciu-ions chemical quality of tlie viscid matter 
setting hard and dry.' " Many other examples of 
similar expressions are quoted by the Duke, who 
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maintains that no explanation of these " contrivances " 
has been or can be given, except on the supposition of 
a personal contriver, specially arranging the detail? of 
each case, althongh causing tliom to be prodn^^ed by 
the ordinary processes of gro\\th and reproduction. 

Now there is a difficulty in this view of the origin 
of the stmcturo of Orchid=! which the Duke does not 
allude to. The majority of flowering plants are fer- 
tilized, either without the agency of insects or, when 
insects are required, without any very important modi- 
fication of the structure of the flower. It is evident, 
therefore, that flowers might have been formed as 
varied, fantastic, and beautiful as the Orchids, and yet 
have been feitilized without more complexity of struc- 
ture than is found in Violets, or Clover, or Primroses, 
or a thousand other flowers. The strange springs 
and traps and pitfalls found in the flowers of Orchids 
cannot be necessary per se, since exactly the same end 
is gained in ten thousand other flowers which do not 
possess them. la it not then an extraordinary idea, 
to imagine the Creator of the Universe contriving the 
various complicated parts of these flowers, as a me- 
chanic might contrive an ingenious toy or a difficult 
puzzle? Is it not a more worthy conception that they 
are some of the results of those general laws which 
were so co-ordinated at the first introduction of life 
upon the cartli as to result necessaiily in the utmost 
possible development of varied forms? 

But let us take one of the simpler cases adduced 
and see if our genend laws are luiablo to account for it. 
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^4 Case of Orchis-structure ea>plained hy Natural 
Seledioji. 

There is a Madagascar Orchis — the \n^nLCiini «e 
quipedale — with an immenaely long \iid deep nectary 
How did such an extraordinary or^an cuine to be 
developed ? Mr. Darwin's explanation is this The 
pollen of this flower can only be removed by the ba^e 
of the proboscis of some very largo moths, iihen trying 
to get at the nectar at the bottom of the vessel The 
moths with the longest probosces wonld do this mo'it 
effectoally ; they would be rowaided for tht,u: long 
tongues by getting the most nectar , whdst on the other 
hand, the flowers with the deepest noctaiies would be 
the best fertilized by the large'it moths preferrmg 
them. Con9ec[uently, the deepest nectined Orchids 
and the longest tongued moths would eath ccufer on the 
other an advantage in the battle of 1 fe This would 
tend to their respective perpetuation, and to the con- 
stant lengthening of nectai-ies and proboscei Now 
let it be remembered, that what we h\^e to icoount 
for, is only the unusual length of this oigan A nec- 
tary is found in many orders of plants ^nd is especially 
common in the Orchids, bnt in this one cise only is 
it more than a foot long. How did tins arise' We 
begin with the fact, proved exj erimcntilly by Mr 
Darwin, that moths do visit Orchids, do thruat their 
spiral trunks into the nectaries, and d) fertilize thetu 
by carrying the pollinia of one flowei to the stigini of 
another. He has further explained the exact mechanism 
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by whieh this ia effected, and the Duko of Argyll ad- 
mits the accuracy of his observations. In oar British 
epeeies, such as Orchis pyramidalis, it is not necessary 
that there should be any exact adjustment between 
the length of the nectary and that of the proboscis of 
the insect; and thus a number of insects of Tarious 
sizes are found to carry away the poUinia and aid in 
the fertilization. In the Angrs3cuni sesquipadale, how- 
t yhtthtb hldbfed 
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former, owing to the structure of the flower, would 
not get fertilized, because the moths could get all the 
nectar without forcing their trunks down to the very 
base. The latter would be well fertilized, and the 
longest would on the average be the best fertilized of 
alL By this process alone the average length of the 
nectary would annually increase, because, the short-nec- 
taried flowers being sterile and the long ones having 
abundant offspring, exactly the same effect would be 
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produced as if a gardener destroyed the short ones 
and sowed the seed of the long ones only ; and this 
we know by experience would produce a regular in- 
crease of length, since it is this very process which 
has increased the size and changed the form of our 
cultivated fruits and flowers. 

But this would lead in time to such an increased 
length of the nectary that many of the moths could 
only just reach the surface of the nectar, and only the 
few with exceptionally long trnnlts he able to suck up a 
considerable portion. 

This would cause many moths to neglect these flowers 
because they could not get a satisfying supply of nec- 
tar, and if these were the only moths in the country 
the flowers would undoubtedly suffer, and the further 
growth of the nectary be checked by exactly the same 
process which had led to its increase. Bat there are 
an immense variety of moths, of various lengths of 
proboscis, and as the nectary became longer, other and 
larger species would become the fertilizers, and would 
carry on the process till the largest moths became 
the solo agents. Now, if not before, the moth would 
also be affected, for those with the longest probosces 
would get most food, would be the strongest and most 
vigorous, would visit and fertilize the greatest number 
of flowei^, and would leave the largest number of de- 
scendants. The flowers most completely fertilized by 
these moths being thoso which had the longest nec- 
taries, there would in each generation be on the average 
1 in the length of the nectaries, and also 
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an average increase in the length of the probosces of 
the moths ; and this would be a necessai-y result from 
the fact that nature ever fluctuates about a mean, or 
that in every generation there would be flowers with 
longer and shorter nectaries, and moths with longer 
and shorter probosces than the average. No doubt 
there are a hundred causes that might have cheeked 
this process before it had reached the point of develop- 
ment at which we find it. If, for instance, the 
variation in the quantity of nectar had been at any 
stage greater than the variation in the length of the 
nectary, then smaller moths could have readied it 
and have effected the fertilization. Or if the growth 
of the probosces of the moths had from other causes 
increased quicker than that of the nectary, or if the 
increased length of proboscis had been injurious to 
them in any way, or if the species of moth with the 
longest proboscis had become much diminished by 
some enemy or other unfavourable conditions, then, 
in any of these cases, the shorter nectai-ied ilowers, 
which would have attracted and could have been ferti- 
lized by the smaller kinds of moths, would have had 
the advantage. And checks of a similar nature to 
these no doubt have acted in other parts of the world, 
and have prevented such an extraordinary develop- 
ment of nectary as has been produced by favourable 
conditions in Madagascar only, and in one single species 
of Orchid. I may here mention that some of the 
large Sphinx moths of the tropics have probosces 
nearly as long as the nectary of Angrajcum sesqnipe- 
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dale. I have carefully measured the proboscis of a 
specimen of Macrosila cluentius from South America, in 
the collection of the British Museum, and find it to 
be nine inches and a quarter long ! One from tropical 
Africa (Macrosila niorgaaii) is seven inches and a 
half. A species having a proboscis two or three inche'* 
longer could reach the nectar in the largest flowers 
of Angrfccum sescjuipedale, whose nectaries vary in 
length from ten to fimrteen inches. That suet a motli 
exists in Madagascar may be safely predicted ; and 
naturalists who visit that island should search for it 
with as much eoiifideace as Astronomers searched for 
the planet Neptune, — and I venture to predict they 
will be equally successful ! 

Now, instead of this beautiful self-acting adjust- 
ment, the opposing theory is, that the Creator of the 
Universe, by a direct act of his Will, so disposed 
the natural forces influencing the growth of this one 
species of plant as to cause its nectary to increase to 
this enormous length; and at the same time, by an 
equally special act, determined the flow of nourish- 
ment in the organization of the moth, to as to cause 
its proboscis to increase in exactly the same propor- 
tion, having previously so constructed the Angrsecum 
that it could only be maintained in existence by the 
agency of this moth. But what proof is given or 
suggested that this was the mode by which the ad- 
justment took place? None whatever, except a feel- 
ing that there is an adjustment of a delicate kind, 
.lud an inability to f-ee how known cause- could ha^c 
T 2 
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produced sucli an adjustment. I believe I have 
shown, however, that such an adjustment is not only- 
possible but inevitable, unless at some point or other 
we deny the action of those simple laws which we 
have already admitted to be but the expressions ot 
existing facta. 

Adaptatiim brought about by General Laws. 

It is difficult to iind anything like parallel cases in 
inorganic nature, but that of a river may perhaps 
ilinsti-ate the subject in some degree. Let us suppose 
a person totally ignorant of Modern Geology to study 
carefully a great Eiver System, Ho finds in its 
lower part, a deep broad channel filled to the brim, 
flowing slowly through a flat country and carrying 
out to the sea a quantity of fine sediment. Higher up 
it branches into a number of smaller channels, flow- 
ing alternately through fiat valleys and between high 
banks ; sometimes be finds a deep rocky bed with 
perpendicular walls, carrying the water through a 
chain of hills; where the stream is narrow he iinds 
it deep, whore wide shallow. Further up still, he 
comes to a mountainous region, with hundreds of 
streams and rivulets, each with its tributary rills and 
gullies, collecting the water from every square mile of 
surface, and every channel adapted to the water that it 
has to carry. He finds that the bed of every branch, 
and stream, and rivulet, has a steeper and steeper slope 
as it approaches its sources, and is thus enabled to 
carry ofi' the water from heavy rains, and to hear away 
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the stones iiil jebbles and gravel, t! it ^voull othpi 
wise block up its course In eveiy i nfc of th a B^steii 
he would see exact alajtation of mean? to in enl 
He would sij , that thia system of chinnels mu-iu h-ive 
been designed, it answers its purpose so elfcetinily 
Nothing but a mini could have so exictij idipted 
the slopes of the channels, then* c^l10ltJ, ind fre 
quoncy, to the nitnie ot the soil and the quantity of 
the rainfall Agam he woild ace special adaptation 
to the wants ot irnn m bnad qniei. navigable ri\eis 
flowing through feitile [hiiis that supjoit i large 
population, vthAe the roely stieans and mountain 
torrents, were confine i to tlose st rile legiona nmt 
able only for a smsll pojulation oi shepherd? md 
herdsmen. He would liiten with mciedu! ty to the 
Geologist, who a^iured lum that the adaptation and 
adjustment he so admired was an inevitiblo lesuifc ot 
the action of general laws That the rims and jiveis, 
aided by subtLiranean force-*, had modelled the countn , 
had formed the hills and vallevs, had scooi.ed out the 
rivei beds, and kvelled the plains , — and it would only 
be after much patient ob^eivation and study, oftLr 
hiving l^atehed the minute changes produced yiai 
by yeai, and multiplying them by thousands md ten 
thfU'iands, after viaitmg the various legions of the 
earth and feeing the changes everywhere going on, 
and the unmiatahible signs of greater changes m past 
times, — that he could be made to undcistand tJiat 
the surfact. ot the earth, howe^ei beautiful and hir- 
mjnious it may a^peu, is stin-tly due in every dtliil 
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to the action of forces which are demonstrahly self- 
adjusting. 

Moreover, when he had sufficiently extended his 
inquiries, he would find, that every evil effect which 
he would imagine must be the result of non-adjast- 
ment does somewhere or other occur, only it is not 
always evil. Looking on a fertile valley, he would 
perhaps say—" If the channel of this river were not 
well adjusted, if for a few miles it sloped the wrong 
way, the water could not escape, and all this luxuri- 
ant valley, full of human beings, would become a 
waste of waters." Well, there are hundreds of such 
cases. Every lake is a valley " wasted by water," 
and in some cases (as the Dead Sea) it is a positive 
evil, a blot upon the harmony and adaptation of the 
surface of the earth. Again, he might say — " If rain 
did not fall here, but the clouds p^sed o\'er us to some 
other regions, this verdant and highly cultivated plain 
would become a desert." And there are such deserts 
over a large part of the earth, which abundant rains 
would convert into pleasant dweLling-plaees for man. 
Or he might observe some great navigable river, 
and reflect how easily rocks, or a steeper channel 
in places, might render it useless to man; — and a 
littJe inquiry would show him hundreds of rivers in 
every part of the world, which are thus rendered 
useless for navigation. 

Exactly the same thing occurs in oi^anic nature, 
We see some one wonderful case of adjustment, some 
unusual development of an oi'gan, but we pass over the 
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IiTindreds of cases in which that adjustment and develop- 
ment do not occur. No doubt when one adjustment is 
absent another takes its place, because no organism can 
continue to exist that is not adjusted to its environ- 
ment ; and unceasing variation with unlimited powers 
of multiplication, in most cases, furnish the means 
of self- adjustment. The worlJ is so constituted, that 
by the action of general laws there is produced the 
greatest possible variety of surface and of climate ; 
and by the action of laws equally general, the greatest 
possible variety of organisms have heen produced, 
adapted to the varied conditions of every part of the 
earth. The objector would probably himself admit, 
that the varied surface of the earth — the plains and 
valleys, the hills and mountains, the deserts and vol- 
canoes, the winds and currents, the seas and lakes 
and rivers, and the various climates of the earth — are 
all the results of general laws acting and re-actiug 
during countless ages ; and that the Creator does not 
appear to guide and control the action of these laws 
— here determinmg the height of a mountain, there 
altering the channel of a river — here making the raius 
more abundant, there changing the direction of a 
current. He would probably admit that the forces of 
inorganic nature are self-adjusting, and that the result 
neeessai-ily fluctuates about a given mean condition 
(which is itself slowly changing), while within certain 
limits the greatest possible amount of varietj- is pro- 
duced. If then a " contriving mind " is not neces- 
sary at every step of the process of change eternaUy 



Hn^lcdbyGoOglc 



2£0 CREATION BY LAW. 

going on in the inorganic world, why are we re- 
quired to believe in the continual action of such 
a mind in the region of organic nature ? True, the 
laws at work are more complex, the adjustments more 
delicate, the appearance of special adaptation more re- 
markable ; but why should we measure the creative 
mind by our own ? Why should we suppose the ma- 
chine too complicated, to have been designed by tiie 
Creator so complete that it would necessarily work out 
harmonious results ? The theory of " continual inter- 
ference" is a limitation of the Creator's power. It 
assumes that he could not work by pure law in the 
organic, as he has done in the inorganic world ; it 
assumes that he could not foresee the consequences 
of the Jaws of matter and mind combined — that re- 
sults would continually arise which are contrary to 
what is best, and that he has to change what would 
otherwise be the course of nature, in order to produce 
that beauty, and variety, and harmony, which even we, 
with our limited intellects, can conceive to be the 
result of self-adjustment in a universe governed by 
nnvarying law. If we could not conceive the world 
of nature to be self-adjusting and capable of endless 
development, it would even then be an unworthy idea 
of a Creator, to impute the incapacity of our minds 
to him ; but when many human minds can conceive, 
and can even trace out in detail some of the adapta- 
tions in nature as the necessary results of unvarying 
law, it seems strange that, in the interests of religion, 
any one should seek to prove that the System of Ka- 
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ture, instead of being aliove, is far below our highest 
conceptions of it, I, for one, cannot beliovo that the 
world would come to chaos if left to Law alone. I 
CMinot believe that there ia in it no inherent power 
of developing beauty or variety, and that the direct 
action of the Deity is required to produce each spot 
or streak on every insect, each detail of structure in 
every one of the millions of organisms that live or 
have lived upon the earth. For it is impossible to 
draw a line. If any modifications of structure could 
be the result of law, why not all ? If some self-adapta- 
tions could arise, why not others ? If any varieties of 
colour, why not all the varieties we see ? No attempt 
is made to explain this, except by reference to the fact 
that "purpose" and "contrivance" are everywhere 
visible, and by the illogical deduction that they eould 
only have arisen from the direct action of some mind, 
beca\iSB the direct action of our minds produces simi- 
]sa: " contrivances " ; but it is forgotten that adapta- 
tion, however produced, must have the appearance 
of design. The channel of a river looks as if made 
for the river, although it is made hy it ; the fine layers 
and beds in a deposit of sand, often look as if they had 
been sorted, and sifted, and levelled, designedly; the 
sides and angles of a crystal exactly resemble similar 
forms designed by man ; but we do not therefore con- 
clude that these effects have, in each individual case, 
required the directing action of a creative mind, or see 
any difficulty in their being produced by natural Laiv. 
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Beauty in Nature. 

Let us, however, leave this general argument for 
a while, and turn to another special case, which has 
heen appealed to as conclusive against Mr. Darwin's 
views. " Beauty " is, to some persons, as great a 
stumbling-block as " contrivance." They cannot con- 
ceive a system of the Universe, so perfect, as neces- 
sarily to develop everj- form of Boauty, but suppose 
that when anything specially beautiful occurs, it fe a 
step beyond what that system could have produced, 
something which the Creator has added for his own 
delectation. 

Speaking of the Humming Birds, the Duke of Ar- 
gyll says : " In the first place, it is to be observed of 
the wholo group, that there is no connection which 
can be traced or conceived, between the splendour of 
the humming birds and any function essential to their 
life. If there were any such connection, that splen- 
dour could not be confined, as it almost exclusively 
is, to only one sex. The female birds are, of course, 
not placed at any disadvantage in the struggle for 
existence by their more sombre colouring." And after 
describing the various ornaments of these birds, he 
says : " Mere ornament and variety of form, and these 
for their own sake, is the only principle or rule with 
reference to which Creative Power seems to have 
worked in these wonderful and beautiful birds. . i 
A crest of topaz is no better in the struggle for ex- 
istence than a crest of sapphire. A frill ending in 
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epangles of the emerald is no better in the battle of 
life than a frill ending in spangles of the ruby. A tail 
is not affected for the purposes of flight, whether its 
marginal or its central feathers are decorated \vitli 
white. . . Mere beauty and mere variety, for their 
own sake, are objects which we ourselves seek when 
we can make the Forces of Nature subordinate to the 
attainment of them. There seems to be no conceivable 
reason why we should doubt or question, that these 
are ends and aims also in the forms given to living 
organisms" ("Reign of Law," p. 248). 

Here the statement that " no connection can be con- 
ceived between the splendour of the humming birds 
and any function essentia! to their life," is met by 
the factj that Mr. Darwin has not only conceived 
but has shown, both by observation and reasoning, 
hiw beiuty of ijcloui and form maj h^■ve a direct 
influence on the most im; Ditant of all the functions 
of hie, that of repioduetion In the \ inations to 
\\hieh lirds are subject, any more biillnnt colour 
tb-Mi uBuil would be attractive to the female', and 
\\ould lead to the mdividuila so adorned leading more 
than the average numbei of offspring Experiment 
ind observation have shown, thit this kind of s*.-\.ual 
selection does aetuiUy take j.hce, and the laws of 
inheritance wouU necea'»inly lead to the furthei de- 
\elopment ot an> individual peuuh'^rity thit was at- 
trictive, ind thus the splendoni ot the humming bird? 
IS directly eonnectel with their vtrj exiiteoL'e It is 
true thit a cr at ot topaz mny b*" no bptt i th^n i 
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crest of sapphire," but either of tliese may be iimcli 
better than no crest at all ; and the ditl'erent conditions 
under which the parent form must havo existed in 
different parts of its range, will have determined dif- 
ferent variations of tint, either of which were ad- 
vantageous. The reason why female birds are not 
adorned with equally brilliant plumes is suiScientiy 
clear ; they would be injurious, by rendering their pos- 
sessors too conspicuoHS during incubation. Survival 
ot the fittest, has therefore favoured the development 
of those dark green tints on the upper surface of so 
manj" female humming birds, which are most conducive 
to their protection while the important functions of 
liatching and rearing the young are being carried on. 
Keeping in mind the laws of multiplication, variation, 
and survival of the fittest, which are for ever in action, 
these varied developments of beaiity and harmonious 
adjustments to conditions, are not only conceivable 
but demonstrable results. 

The objection I am now combating is solely founded 
on the supposed analogy of the Creator's mind to 
ours, as regards the love of Beauty for its own sake ; 
but if this analogy is to be trusted, then there ought 
to be no natural objects which are disagreeable or 
ungraceful in our eyes. And yet it is undoubtedly 
the fact that thoro are many such. Just as surely 
as the Horse and Deer are beautiful and graceful, 
the Elephant, Ehinoceros, Hippopotamus, and Camel 
are the reverse. The majority of llonkeys and Apes 
arc not beautiful ; the majority of Birds have no beauty 
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of colour ; a vast number of Insects and E«pti!ea are 
positively ugly. Now, if the Creator's mind is like 
ours, whence this ugliness? It is useless to sav "that 
11 a mjstoiy we cannot e\pliin, ' because ■wo have 
ittempted to explain one-hilf of creation by a method 
that will not ipply to tho other half We know that 
a man with the hiahest tiste and with unlimited 
wealth, practically does abolish all ungiaLeful and dis- 
agreeable forms and colours fiom his own domains 
If the bnuty of creation is to be expUmod by tho 
Oieators lo^e of beauty, we are bound to ask why 
he has not bam bed defoimity fiom tho earth, as the 
\i c ilthy and cnhghtened man does from his estate and 
fiom his dwelling, and if we can get no satisfurtory 
answer, we shili do well to reject the explanation 
ofteied AgaiHj m the ciae of flowers, which are 
always eapeually lefeirod to, a=i the surest evidence ot 
beauty being an end of itbt-It in oieation, the -whole 
ot the ficts aie never fairly met At leait half the 
plants in the woild have not bright-coloured or beau- 
tiful floweis and Mr Daiwm has lately aiiived at 
the wonderful generalization, that floweis ha\e became 
beautiful solely to attiact insects to assist m their 
fertiHzation. He adds, " I have come to this conclu- 
sion from finding it an invariable rule, thtt when i 
flower is fertilized by the wind it nc\er has a gail;)- 
coloured corolla." Here is a most wonderful cisc of 
beauty being useful, when it might be least expected 
But much more is pioved for when beauty is of no 
use to the plant it is not g \en It cannot be imag- 
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ined to do any harm. It is simply not necessary, and 
is tliorefoi-e withheld ! We ought surely to have been 
told how thia fact is consistent with beanty being " an 
end in itself," and with the statement of its being 
given to natural objects " for its own sake." 

How new Forma are 'produced hy Variation and 
Selection. 

Let us now consider another of the popular o'bjoc- 
tions which the Duke of Argyll thus sets forth : — 

" Mr. Darwin does not pretend to have discovered 
any law or role, according to which new Forms have 
been bom from old Forms. He does not hold that 
outward conditions, however changed, are sufficient to 
account for them. . . His theory seems to be far 
better than a mere theory — to be an established teien- 
tific truth — in so far as it accounts, in part at least, 
for the success and establishment and spread of new 
Forms when tliey Imve ari^^en. But it dooa not even 
suggest the law under which, or by or according to 
which, such new Forms are introduced. Natural Se- 
lection can do nothing, except with the materials 
presented to its hands. It cannot select except among 
the things open to selection. . . Strictly f-peaking, 
therefore, Mr. Darwin's theory is not a theory on 
the Origin of Species at all, but only a theory on the 
causes which lead to the relative success or failure 
of such new forms as may be born into the world." 
(" Reign of Law," p. 230.) 

In this, and many other passages in his work, tlie 
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Duke of Argyll sots forth his idea of Creation aa a 
" Creation by birth," but maintains that each birth 
of a new form from parents differing from itself, has 
been produced by a special interference of the Creator, 
in order to direct the process of development into 
certain channels ; that each new species is in fact a 
"special creation," although brought into existence 
through the ordinary laws of reproduction. He main- 
tains therefore, that the laws of multiplication and 
variation cannot furnish the right kinds of materials 
at the right times for natural selection to work on. 
I believe, on the contrary, that it can be logically 
proved from the six axiomatic laws before laid down, 
that such materials would be furnished ; but I prefer 
to show there are abundance of facts which demon- 
strate that they are furnished. 

The experience of all cultivators of plants and 
breeders of animals shows, that when a sufficient 
number of individuals are examined, variations of 
any reijnired kind can always be met with. On 
this depends the possibility of obtaining breeds, races, 
and fixed varieties of animals and plants ; and it is 
found, that any one form of variation may be accu- 
mulated by selection, without materially affecting the 
other characters of the species ; each seems to vary 
in the one required direction only. For example, in 
turnips, radishes, potatoes, and carrots, the root or 
tuber varies in size, colour, form, and flavour, while 
the foliage and flowers seem to remain almost sta- 
tionary ; in the cabbage and lettuce, on the contrary, 
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the foliage can bo modified into varioua forms and 
modes of growth, the root, flower, and fruit remain- 
ing little altered ; in tlie cauliflower and broeoli the 
flower heads vary ; in the garden pea the pod only 
changes. We get innumerable forms of fruit in the 
apple and peii, while the leaves and flowers remain 
undistmguishable , the sime occuis m the ^o 'iebeiry 
and gaili-n tun mt Directly hcwe^tr (m the \er> 
same genus) we want the flonei to van m the Eibes 
sauguineum, it does «o, although mere cnltivition 
foi hundreis of 'veirs has not produced mailed dif- 
ferences in the flowers of Ribes grossuliria When 
fashion demands iny particular change in tbe form 
01 size, or coloui oi a flower, sufficient sanation 
always occms m tbc right direction as is sbowii ly 
our rosob, amicula", and geraniums when is re 
ceotly, ornamental leaves come into ti^hion fufficient 
iiriatiou 19 fomd to meet the demand and we have 
zoned pelargoniums, and variegated nv, and it is 
di Lovered that a host cf onr commonest shrubs and 
ln,rbaceous plants hive taken to vaiy in this drrtction 
juitwhcnvvo viint them to do S)' This ripid varii- 
tion IS not usnhnel to old and well known plmts 
ubjected foi a long seiies of geneiations to culti- 
vation, but the Sil im Ehododenlion'-, the Fuchsias, 
and Calc olams fiom tl e Andes, and the Pdirgomums 
trom the C tpe oie eqiaallv accommodating, and vary 
just when and v^heie and how vie lequire them 

Turning to animals we find equally stril mg e\ara 
]i 1 If we v^ant any ^\q lal qinhty in anj anim 1 
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we have only to breed it in sufficient quantities and 
watcli carefuHy, and the required variety ia always 
found, and can be increaaod to almost any desired ex- 
tent. In Sheep, we get flesh, fat, and wool ; in Cows, 
milk ; in Horses, colour, strengthj size, and speed ; in 
Poultry, we have got almost any variety of colour, 
curious modifications of plumage, and the capacity of 
perpetual egg-laying. In Pigeons we have a still 
more remarkable proof of the universality of varia- 
tion, for it has been at one time or another the fancy 
of breeders to change the form of every part of 
these birds, and they have never found the required 
variations absent. The form, size, and shape of bill 
and feet, have been changed to such a degree as is 
found only in distinct genera of wild birds ; the num- 
ber of tail feathers has been increased, a character 
which is generally one of the most permanent nature, 
and is of high importance in the classification of 
birds ; and the size, the colour, and the habits, have 
been also changed to a marvellous extent. In Dogs, 
the degree of modification and the facility with which 
it is effected, is almost equally apparent Look at 
the constant amount of variation in opposite direc- 
tions that must have been going on, to develop the 
poodle and the greyhound from the same original 
stock I Instincts, habits, intelligence, size, speed, 
form, and colour, have always varied, so as to produce 
the very races which the wants or fancies or passions 
of men may have led them to desire. Whether they 
wanted a bull-dog to torture another animal, a grey- 
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hound to eatcli a hare, or a hloodhound to hunt down 
their oppressed fellow-creatureSj the required varia- 
tions have always appeared. 

Now this great mass of facts, of which a mere 
sketch has been here given, are fully accounted for 
by the "Law of Variation" aa laid down at the 
commencoment of this paper. Universal variability — 
small in amount but in every direction, ever fluctuat- 
ing about a mean condition until made to advance in 
a given direction by " selection," natural or artificial, 
— is the simple basis for the indefinite modification 
of the forms of life ; — partial, unbalanced, and con- 
sequently unstable modifications being produced by 
man, while those developed under the unrestrained 
action of natural laws, are at every step self-adjusted 
to external conditions by the dying out of all unad- 
justed forms, and are therefore stable and compara- 
tively permanent To be consistent in their views, our 
opponents must maintain that every one of the varia- 
tions that have rendered possible the changes produced 
by man, have been determined at the right time and 
place by the will of the Creator. Every race pi"oduced 
by the florist or tlie breeder, the dog or the pigeon 
fancier, the ratcatcher, the spotting man, or the slave- 
Lunter, must have been provided for by varjeties occur- 
ring when wanted ; and as these variations were never 
withheld, it would prove, that the sanction of an all- 
wise and all-powerful Being, has been given to that 
which the highest human minda consider to be trivial, 
mean, or debasing. 
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This appears to be a complete answer to the theory^ 
that variation suiBcient in amonnt to be accumulated 
in a given direction must be tlie direct act of the 
Creative Mind, but it is also sufEcicntly condemned 
by being so entirely unnecessary. The facility with 
which man obtains new races, depends chiefly upon 
the number of individuals he can procure to select 
from. When hundreds of florists or breeders are ail 
aiming at the same object, the work of change goes on 
rapidly. But a common species in nature contains a 
thousand- or a million-fold more individuals than any 
domestic race; and survival of the fittest mnst unerr- 
ingly preserve all that vary in the right direction, 
not only in obvious characters but in minute details, 
not only in external but in internal organs ; so that 
if the materials are sufficient for the needs of man, 
there can be no want of them to fulfil the grand pur- 
pose of keeping up a supply of modified organisms, 
exactly adapted to the changed conditions that are 
always occurring in the inorganic world. 

The Objection that there are Limits to Variation. 
Having now, I believe, fairly answered the chief ob- 
jections of the Duke of Argyll, I proceed to notice one 
or two of those adduced in an able and argumentative 
essay on the " Origin of Species " in the North British 
Review for July, 1867. The writer first attempts to 
prove that there are strict limits to variation. When 
we begin to select variations in any one direction, the 
process is comparatively rapid, but after a considerable 
u 2 

Hn^lcdbyGoOglc 



29Z CREATION BY LAW, 

amount of cliaiige has been effecteiJ it becomes slower 
and slower, till at length its limits are reached and no 
care in breeding and selection can produce any further 
advance. The race-horse is chosen as an example. 
It is admitted that, with any ordinary lot of horses 
to begin with, careful selection would in a fow years 
make a great improvement, and in a comparatively 
short time the standard of our best racers might be 
reached. But that standard has not for many years 
been materially raised, although unlimited wealth and 
energy are expended in the attempt. This is held to 
prove that there are definite limits to variation in any 
special direction, and that we have no reason to sup- 
pose that mere time, and the selective process being 
carried on by natural law, could make any material 
difference. But the writer does not perceive that this 
argument fails to meet the real question, which is, not 
whether indefinite and unlimited change in any or all 
directions is possible, but whether such differences as 
do occur in nature could have been produced by the 
accumulation of variations by selection. In the matter 
of speed, a limit of a definite kind as regards land 
animals does exist in nature. All the swiftest animals 
—deer, antelopes, hares, foxes, lions, leopards, horses, 
zebras, and many others, have reached very nearly the 
same degree of speed. Although the swiftest of each 
must have been for ages preserved, and the slowest 
must have perished, we have no reason to believe 
there is any advance of speed. The possible limit 
under existing conditions, and perhaps under possible 
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terrestrial eonLlitions, has been long ago reached. 
In cases, however, where this limit had not been so 
nearly reaehed as in the horse, we have been enabled 
to make a more marked advance and to produce a 
greater difference of form. The wild dog is an animal 
that hunts much in company, and trusts more to en- 
durance than to speed. Man haa produced the grey- 
hound, which differs much more from the wolf or the 
dingo than the racer does from the wild Arabian. 
Domestic dogs, again, have varied more in size and 
in form than the whole family of CanidEe in a state 
of nature. No wild dog, fox, or wolf, is either eo 
small as some of the smcdlest terriers and spaniels, 
or so large as the largest varieties of hound or New- 
foundland dog. Andj certainly, no two wild animals 
of the femily differ so widely in form and proportions 
as the Chinese pug and the Italian greyhound, or the 
bulldog and the common greyhound. The known range 
of variation is, therefore, more than enough for the 
derivation of all the forms of Dogs, Wolves, and Foxes 
from a common ancestor. 

Again, it is objected that the Pouter or the Fan- 
tail pigeon caiinot be further developed in the same 
direction. Variation soems to have reached its limits 
in these birds. But so it has in nature. The Fan- 
tail has not only more tail feathers than any of the 
three hundred and forty existing species of pigeons, 
hut more than any of the eight thousand known 
species of birds. There is, of course, some limit to 
the number of feathers uf which a tail useful for flight 



Hn^lcdbyGoOglc 



294 CHEATION BY LAW. 

can consist, and in the Fan-tail we have prol),ib!y 
reached that limit. Many birds have the oesophagus 
or the skin of the neck more or leas dilatable, bat in 
no known bird is it so dilatable as in the Pouter 
pigeon. Here again the possible limit, compatible 
with a healthy existence, has probably been reached. 
In like manner the diiToreneeB in the size and form 
of the beak in the various breeds of the domestic 
Pigeon, is greater than that between the extreme 
forms of beak in the varions genera and sub-families 
of the whole Pigeon tribe. From tliese facts, and 
many others of the same nature, we may fairly infer, 
that if rigid seieotiou were applied to any organ, we 
could in a comparatively short time produce a much 
greater amount of change than that which occurs be- 
tween species and species in a state of nature, since 
the differences which we do produce are often com- 
parable with those which exist between distinct genera 
or distinct families. The facts adduced by the writer 
of the article referred to, of the definite limits to va- 
riability in certain directions in domesticated animals, 
are, therefore, no objection whatever to the view, that 
all the modifications which exist in nature have been 
produced by the accumulation, by natural selection, of 
small and useful variations, since those very modifi- 
cations have equally definite and very similar limits. 



Objection to the Asfumeni from i 
To another of this writer's objections— that by Pro- 
cessor Thomson's calculations the sun can only have 
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existed in a solid state 500,000,000 of years, and 
that therefore time would not suffice for the slow pro- 
cess of development of all living organisms — it is 
hardly necessary to reply, as it cannot be seriously 
contended, oven if this calculation has claims to ap- 
proximate accuracy, that the process of change and 
development may not have been sufficiently rapid to 
have occurred within that period. His objection to 
the Classification argument is, however, more plau- 
sible. The uncertainty of opinion among Naturalists 
as to which are species and which varieties, is one of 
Mr. Darwin's very strong arguments that these two 
names cannot belong to things quite distinct in nature 
and origin. The Reviewer says that this argument is of 
no weight, because the works of man present exactly 
the same phenomena; and he instances patent inven- 
tions, and the excessive difficulty of detei'mining whether 
they are new or old. I accept the analogy though it 
is a very imperfect one, and maintain that such as it 
is, it is all in favour of Mr. Darwin's views. For 
are not all inventions of the same kind directly affili- 
ated to a common ancestor? Are not improved Bteam 
Engines or Clocks the lineal descendants of some ex- 
isting Steam Engine or Clock ? Is there ever a new 
Creation in Art or Science any more than in Nature? 
Did ever patentee absolutely originate any complete 
and entire invention, no portion of which was derived 
from anything that had been made or described be- 
fore? It is therefore clear that the difficulty of dis- 
tinguishing the various classes of inventions which 
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claim to be new, is of the s.ime mtuie as the difficulty 
of distinguishing yarictics and species, because neither 
are ahsolute new creations, hut both are alike de- 
scendants of pre-existing forms, fiom which and frorn 
each other they differ by varying and often imper- 
ceptible degrees. It appears, then, that however plau- 
sible this writer's objections may seem, whenever he 
descends from generalities to any speeiiio statement, 
his supposed difficulties turn out to be in reality 
strongly confirmatory of Mr. Darwin's view. 

TJie " Times" on Natural Selection. 
The extraordinary misconception of the whole sub- 
ject by popular writers and reviewers, is well shown 
by an article which appeared in the Times news- 
paper on " Tho Geign of Law." Alluding to the 
supposed economy of nature, in the adaptation of 
each species to its own place and its special use, the 
reviewer remarlis : " To this universal law of the 
greatest economy, the law of natural selection stands 
in direct antagonism as the law of ' greatest possible 
waste ' of time and of creative power. To conceive 
a duck with webbed feet and a spoon-shaped bill, 
living by suction, to pass naturally into a gull with 
webbed feet and a knife-like bill, living on flesh, in 
the longest possible time and in the most laborious 
possible way, we may conceive it to pass from the 
one to the other state by natural selection. The battle 
of life the ducks will have to fight will increase in 
peril continually as they cease (with the change of 
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their biO) to be ducks, and attain a masimum of 
danger io tbe coiiditiun in wliich tiii^y bogin to be 
grdls ; and ages must elapse and whole generations 
must perish, and countlebs generations of the one 
species be created and sacrificed, to arrive at one 
single pair of the other." 

In this passage the theory of natural seleition is 
so absurdly minrepresented that it would be amusing, 
did we not consider the misleading eftect likely to 
be produced by this kind of teaching in so popular 
a journal. It is assumed that the duck and the gull 
are essential parts of nature, each well fitted for its 
place, and tliat if one had been produced from the 
other by a gradual metamorpho^iis, the intermediate 
forms would havo been useless, unmeaning, and un- 
fitted for any place, in the system of the universe. 
Now, this idea can only exi&t in a mind ignorant 
of t!ie very foundation and essence of the theory of 
natural selection, which is, the preservation of useful 
variations only, or, as has been well expressed, in 
other words, the " fcurvival of the fittest." Every 
intermediate form which could possibly have arisen 
during the transition from the duck to the gu!l, so 
far from hai'ing an unusually severe battle to fight 
ibr existence, or incurring any *' mas,imum of danger," 
would necessarily have been as accurately adjusted 
to the rest of nature, and as well fitted to maintain 
and to enjoy its existence, as the duck or the gull 
actually are. If it were not so, it never could have 
been produced under the law of natural selection. 
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Intermediate or generalized Fortns of extinct Ainmnh, 
an indication of Transmutation or Development. 

The misconception of this writer illustrates another 
point very frequently overlooked. It is an essential 
part of Mr, Darwin's theory, that one existing animal 
has not been derived from any other existing animal, 
but that both arc tho descendants of a common an- 
ce=!tor, wliich was at once different from either, but, 
in essential characters, intermediate between them both. 
The illustration of the duck and the gull v^ therefore 
misleading ; one of theso birds has not been derived 
from the other, but both from a common ancestor. 
This ia not a mere supposition invented to support the 
theory of natural selection, but is founded on a variety 
of indisputable facts. As we go back into pa'«t time, 
and meet with the fcsil remains of more and more 
ancient races of extinct animals, we find that many 
of them actually are intermediate between distinct 
groups of existing animals. Professor Owen con- 
tinually dwclh on this fact : he says in his " Palaeon- 
tology," p. 284 : " A more generalized vertebrate 
structure is illu'^trated, in the extinct reptiles, by 
the affinities to ganoid fishes, shown by Ganoeephala, 
Lahyrinthotlontia, and Icthyopterygia ; by the afdnities 
of the Pterosauria to Birds, and by the approximation 
of the Dinoaauria to Mammals. (These have been re- 
cently shown by Professor Huxley to have more affinity 
to Birds.) It is manifested by the comliination of 
modern crocodilian, cbelonian, and lacertian characters 
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in the Cryptodontia and the Dicnyodontia, and by the 
combined iaeortian and crooodilian characters in the 
Thecodontia and Sauropterygia." In the same wor^ 
he tells us that, " the Anoplotherlum, in several im- 
portant characters resembled the embryo Raminant, 
but retained throughout life those marks of adhesion 
to a generalized mammalian type ;" — and assures us 
that he has *' never omitted a proper opportunity for 
impressing the results of observations showing the 
more generalized structures of estiuefc as compared 
with the more specialized forms of recent animals." 
Modern palfeontologists have discovered hundreds of 
examples of these more generalized or ancestral types. 
In the timo of Cuvier, the Euminauts and the Pachy- 
derms were looked upon as two of the most distinct 
orders of animals ; but it is now demonstrated that 
there once existed a variety of genera and species, 
connecting by almost imporeeptible grades such widely 
different animals as the pig and the camel. Among 
living quadrupeds we can scarcely find a more isolated 
group than the genus Equua, comprising the horses, 
asses, and Zebras ; but through many species of Palo- 
plotheriam, Hippotherium, and Hipparion, and numbers 
of extinct forms of Equus found in Europe, India, and 
America, an almost complete transition is established 
with the Eocene Anoplothei-ium and Paleotherium, 
which are also generalized or ancestral types of tho 
Tapir and Khinooeros. The recent researches of 51, 
Gaudiy in Greece have furnished much new evidence 
of the samo character. In the Miocene bods of Pikcniii 
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lie has discovered the gi"oup of the Simocyoiiidie inter- 
mediate between bears and wolves ; the genus HjEenictis 
which connects the hyjenas with the ciyeta ; the Ancylo- 
therium, which is allied both to the extinct mastodon 
and to the living pangolin or scaly ant-eater ; and 
, the Helladotherium, which conneotB the now isolated 
giraffe with the deer and antelopes. 

Between reptiles and fishes an intermediate type has 
been found in the Archegosaurus of the Coal forma- 
tion ; while the Labyrinthodon of the Trias combined 
characters of the Batrachia with those of crocodiles, 
lizards, and ganoid fishes. Even birds, the most appa- 
rently isolated of all living forms, and the moat rarely 
presei-ved in a fossil state, have been shown to possess 
undoubted aifinities with reptiles ; and in the Oolitic 
Archfeopteryxj with its lengthened tail, feathered on 
each side, we have one of the connecting links from 
the side of birds ; while Professor Huxley has recently 
shown that the entire order of Dinosaurians have re- 
markable aifinities to birds, and that one of them, the 
Compsognathus, makes a nearer appmach to bird orga- 
nisation than does Archscopteryx to that of reptiles. 

Analogous facts to these occur in other classes of 
animals, as an example of which we have the authority 
of a distingnished paleontclogist, M. Barande, quoted 
by Mr. Darwin, for the statement, that although the 
Paheozoic Invertebrata can certainly be classed under 
existing groups, yet at this ancient period the groups 
were not so distinctly separated from each other as 
thev are now ; while Mr, Scudder tolls us, that some of 
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the fossil insectB discovered in the Coal formation of 
America oifer oliarsicters intermediate between those of 
existing orders. Agassiz, again, insists strongly that the 
more ancient animals resemble the embryonic forms of 
existing species ; but as the embryos of distinct groups 
are known to resemble each other more than the adult 
animals (and in fact to be midistinguishable at a very 
early age), this is the same as saying that the ancient 
animals are exactly what, on Darwin's theory, the 
ancestors of existing animals ought to be ; and this, 
it must be remembered, is the evidence of one of the 
strongest opponents of the theory of natural selection. 

Conclusion. 

I have thus endeavoured to meet fairly, and to an- 
swer plainly, a few of the moat common objections to ■ 
the theory of natural selection, and I have done so in 
eveiy case by referring to admitted facts and to logical 
deductions from those facts. 

As an indication and general summary of the line 
of argument I have adopted, I here give a brief de- 
monstration in a tabular form of tlie Origin of Species 
by means of Natural Selection, referring for the facts 
to Mr. Darwin's works, and to the pages in this volume, 
where they are more or less fully treated. 
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Demonstration of (he Origin of Speaies hy Natural 
Selection, 

PROVED FACTS. 



Rapid Imceease of Organ- j 
ISMS, pp 29, 265; ("Origin 
of Species," p, 75, 5tli Ed.) | 

Total Numbeb of Ismvi- I 
DUALS Stationabt, pp, 30, 
266. I 

Steugoeb fob Existence. 

Heredity WITH Taeiation, 
or general likenesa witli 
individual diffcreaoea of pa- 
tents and offspring, pp. 
266,287-291,308; ("Origin 
of SpecieB," chap. I., II., V.) 



Survival op the Fittest. 

Change op Extebmal Cos- 
DITIOHS, -nniversal and uu- 
ceasing. — See " Lyell's 
Principlea of Geology." 



Strugole for Existence, 
the deaths equalling the 
birthson the average, p. 30; 
{"Origin of Species," chap, 

III) 

SuBTivAL OP THE Fittest, 
or Natural Selection; mean- 
ing simply, that on the 
■whole those die who are 
least fitted to maintain their 
existence; ("Origin of Spe- 
cies," chap. IV.) 

Chan uesopOboanic Foems, 
to keep them in harmony 
with the Changed Condi- 
tions ; and as the changes 
of conditions are perma- 
nent changes, in the sense 
of nut reverting hack to 
identical previous condi- 
tions, the changes of or- 
ganic forms must be in the 
same sense permanent, and 
tJius originate Species. 
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IX. 

THE DEVELOPMENT OE HUMAN BACES 
UNDER THE LAW OF NATURAL SELEC- 
TION. 

Among the most advanueil students of imin, tliere exists 
a wide difference of opinion on some of tlie most vital 
questions respecting his nature and origin. Anthro- 
pologists are now, indeed, pretty well agreed that man 
is not a recent introduction into the earth. All who 
have studied the question, now admit that his anti- 
quity is very great ; and that, though we have to some 
extent ascertained the minimum of time during which 
he must have existed, we have made no approximation 
towards determining that far greater period during 
which he ma]/ have, and probahly has existed. We 
can with tolerable certainty affirm that man must have 
inhabited the earth a thousand centuries ago, but we 
cannot assert that he positively did not exist, or that 
there is any good evidence against his having existed, 
for a period of ten thousand centuries. Vfe know 
positively, that he was contemporaneous with many 
now extinct animals, and has survived changes of the 
earth's surface fifty or a hundred times greater than 
any that have occurred during the historical period ; 
but we cannot place any definite limit to the number 
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of species he may have outlived, or to tlio amount of 
terrestrial change he may have witnessed. 

Wide differences of opinion as to Man's Origin. 

But while on tliia question of man's antiquity there 
ia a very general agreement, — and all are waiting 
eagerly for fresh evidence to clear up those points 
which all admit to be full of doubt, — on other, and 
not less obscure and difficult questions, a considerable 
amount of dogmatism is exhibited ; doctrines are put 
forward as established truths, no doubt or hesitation 
is admitted, and it seems to be supposed that no 
further evidence is required, or that any new facts 
can modify our convictions. This is especially the case 
when we inquire, — Are the various forms under which 
man now exists primitive, or derived from pre-exist- 
ing forma ; in other words, ia man of one or many 
species ? To this question we immediately obtain dis- 
tinct answers diametrically opposed to each othei' : the 
one party positively maintaining, that man is a species 
and is essentially one — that ail diffisrences are hut local 
and temporary variations, produced by the different 
physical and moral conditions by which he is sur- 
rounded ; the other party maintaining with equal con- 
fidence, that man is a genus of many species, each of 
which is practically unchangeable, aod has ever been 
as distinct, or even more distinct, than we now be- 
hold them. This difference of opinion is somewhat 
remarkable, when we consider that both parties aro 
well acquainted with the subject ; both use the same 
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vast ncciimulation of facta ; both reject tliose early 
traditions of mankind which profess to give an ac- 
count of his origin ; and both declare that thpy are 
seeking fearles<<ly after trath alone ; yet each will 
persist in looking only at the portion of truth on 
his own side of the question, and at the erroi iiliich 
h mingled with his opponent's doctrine. It is my 
wish to show how the two oppoing views can be 
combined, so as to ohminafo the error and retain the 
truth in each, and it is by means of Mr. Darnin's 
celebrated theory of " Natural Selection " that I hope 
to do thi'', and thus to harmonise the conflicting 
theories of modern anthropologists. 

Let us first see what each party has to say for 
itself. In favour of the unity of mankind it is artfiiedj 
that there are no races without transitions to others ; 
that every race exhibits within itself variations of 
colour, of hair, of feature, and of form, to such a de- 
gree as to bridge over, to a large extent, the gap that 
separates it from other races. It is asserted that no 
race is homogeneous ; that there is a tendency to vaiy ; 
that climate, food, and habits produce, and render 
permanent, physical peculiarities, which, though slight 
in the limited periods allowed to our observation, would, 
in the long ages during which the human race has es- 
, have sufficed to produce all the differences that 
now appear. It is further asserted that the advocates 
of the opposite theory do not agree among themselves ; 
that some would make threo, faome five, some fifty or 
a hundred and fifty species of man ; some would h.tve 
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lai ei hsie les created m pais wIuIp others repnre 
mt 115 to hwe it oice s[.mn„ into exi-stonte and 
that theie is i o stabihtr oi consistency in any d trme 
but thit ot one primiti\(, "^tock 

The idiocates of the ori^nnl dntisity of man on 
the other hial, have much to say f(i themselves 
They irguu that prooft of change in man hive ne\er 
been bi nght foiwiid cxctpt to tlie most tnflmg 
amount, wh le evidence of hia j ei nanence meet'' us 
eveijnheie The Portign se and 'spanii 1« settled 
for t\o or thiee centu es in biuth Amenci retain 
the r ciief [hy«cal mental and moial chancteiiftiL^ 
the Dutth bocii it th C-ipo, and the descenlants of 
the early Dutch settlers in the Moluccas, have not lost 
the features or the colour of tlie Germanic races ; the 
Jews, scattered over the world in the most diverse 
climates, retain the same characteristic lineaments 
everywhere ; the Egyptian scnlptures and paintings 
show us that, for at least 4000 or 5000 years, the 
strongly contrasted features of the Nogro and the 
Semitic races have remained altogether unchanged ; 
while more recent discoveries prove, that the mound- 
builders of the Mississippi valley, and the dwellers 
on Brazilian mountains, had, even in the very in- 
fancy of the human race, some traces of the same 
peculiar and characteristic type of cranial formation 
that now distinguishes them. 

If we endeavour to decide impartially on the merits 
of this difficult controversy, judging solely hj the evi- 
dence that each party has brought forward, it certainly 
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seems that the best of the argument is on the side of 
those who maintain the primitive diversity of man. 
Their opponents have not been able to refute tlie per- 
manence of existing races as far back as we can trace 
them, and have failed to show, in a single case, that 
at any former epoch the well marked varieties of man- 
kind approximated more closely than they do at the 
present day. At the same time this is but negative 
evidence. A condition of immobility for four or five 
thousand years, does not preclude an advance at an 
earlier epoch, and — if we can show that tliere arc 
causes in nature which would check any further phy- 
sical change when certain conditions were fulfilled — 
does not even render such an advance improbable, if 
there are any general arguments to be adduceil in its 
favour. Such a cause, I believe, does exist ; and I 
shall now endeavour to point out its nature and its 
mode of operation. 

Outline of the Theory of Natural Selection. 
In order to make my argument intelligible, it is 
necessary for me to explain very briefly the theory of 
"Natural Selection" promulgated by Mr. Darwin, 
and the power which it possesses of modifying the 
forms of animals and plants. The grand feature in 
the multiplication of organic life is, that close general 
resemblance is combined with more or less individual 
variation. The child resembles its parents or ancestors 
more or less closely in all its peculiarities, deformities, 
or beauties ; it resembles them in general more than it 
X 2 



Hn^lcdbyGoOglc 



308 THE ACTION OF FATUUAL 

does any other iiicTividuala ; yet children of the same 
parents are not all alike, and ifc often happens that 
they differ very considerably from tlieir parents and 
from each other. This is equally true, of mai), of all 
animals, and of all plants. Moreover, it is found that 
individuals do not differ from their parents in certain 
particulars only, while in all others they are exact 
duplicates of them. They diifcr from them and from 
each other, in every particular; in form, in size, in 
colour ; in the structure of internal as well as of external 
organs ; in those suhtle peculiarities which produce 
differences of constitution, as well as in those still more 
subtle ones which load to modifications of mind and 
character. In other words, in every possible way, in 
every organ and in every function, individuals of the 
same stock vary. 

Now, health, strength, and long life, are tho results 
of a harmony between tho individual and the universe 
that surrounds it. Let us suppose that at any given 
moment this harmony is perfect A certain animal is 
exactly fitted to secure its prey, to escape from its 
enemies, to resist the inelemeneies of tho seasons, and 
to rear a numerous and healthy oifspring. But a 
change now takes place. A series of cold winters, for 
instance, come on, making food scarce, and bringing 
an immigration of some other animals to compete with 
the former inhabitants of the district. Tlie now immi- 
grant is swift of foot, and surpasses its rivals in tho 
pursuit of game; the winter nights are colder, and 
i-equire a thicker fur as a protection, and moro 



Hn^lcdbyGoOglc 



SELECTION ON MAN. SOf) 

iionvishing food to keep up the heat of tlio system. 
Our supposed perfect animal is no longer in harmony 
with its universe ; it is in danger of dying of cold or 
of starvation. Bat the animal varies in its offspring. 
Some of these are swifter than others — they still 
manage to catch food enough; some are hardier and 
more thickly fun-ed — they manage in the cold nights to 
keep warm enough ; the slow, the weak, and the thinly 
clad soon die off. Again and again, in each succeed- 
ing generation, the same thing talvcs place. By tliis 
natural process, which is so inevitable that it cannot 
be conceived not to act, those best adapted to live, live ; 
those least adapted, die. It is sometimes said that we 
liave no direct evidence of the action of this selecting 
power in nature. But it seems to me we have better 
evidence than even direct observation would be, because 
it is more universal, viz., the evidence of necessity. 
It mutt be so ; for, as all wild animals inereaae in a 
geometrical ratio, while their actual numbers remain 
on the average stationary, it follows, that as many die 
annually as are born. If, thereforoj we deny natural 
selection, it can only be by asserting that, in such a 
case as I have supposed, the strong, the healthy, the 
swift, the well clad, the well organised animals in 
every respect, have no advantage over, — do not on the 
average live longer than, the weak, the unhealthy, the 
slow, the ill-clad, and the imperfectly organised indi- 
viduals ; and this no sane man has yet been found 
hardy enough to assert. But this is not all ; for the 
offspring on the average resemble their parents, and 
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the selecteil portion of each succeeiiing generation will 
therefore be stronger, swifter, and more thickly furred 
than the last ; and if this proccsi goes on for thousands 
of generations, our animal will have again Lecome 
thoroughly in harmony with the new conditions in 
■which it is placed. But it will now he a different 
creature. It will be not only swifter and stronger, 
and more furry, it will also probably have changed in 
colour, in form, perhaps have acquired a longer tail, 
or differently shapetl ears ; for it is an ascertained 
fact, that when one part of an animal is modified, 
some othcV parts almost always change, a*; it were in 
bympathy with it- Mr. Darwin calls this " correlation 
of growth," and gives as instances, that hairless dogs 
have imperfect teeth ; white cats, when blue-cycd, are 
deaf; small feet accompany short bealts in pigeons; 
and other equally interesting cases. 

Grant, therefore, the promises : 1st. That peculiari- 
ties of every kind are more or less hereditary. 2nd. 
That the offspring of every animal vary more or loss 
in all parts of their organization. 3rd. That the 
universe in which these animals live, is not absolutely 
invariable ; — none of which propositions can be denied ; 
and then consider, that the animals in any country 
(those at least which are not dying out) must at each 
successive period be brought into harmony with the 
surrounding conditions ; and we have all the elements 
for a change of form and structure in the animals, 
keeping exact pace with changes of whatever nature 
in the sm-rounding universe. Such changes must be 
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bIow, for tte changes in the universe are veiry slow ; 
but just as these slow changes become important, when 
we look at results after long periods of action, as we 
do when we perceive the ilteiitiona of the eaith'a sur- 
face during geological epochs, so the paiillel changes 
in inimil foim become more and more stiiking, in 
proportion as the time they have been going on is 
great, as we see when we compue oui Imng inimals 
with those nhich v,e disentomb tiom eich swcces'ii^ elj 
older geological toimation 

This IS, bnefly, the theory ot " mtnril selection,' 
which e-^pliins the changes in the organic world as 
being paiallel with, and m p\rt dependent on, those in 
the inorganic "\^ hat wo now h-n e to inquire is, — 
Can this theory be applied in any \\ i} to the question 
of the oiigin of the ixuea of m\n? oi is tlieie anything 
in human nature that takes him out of the category 
of those organic existences, over whose successive 
mutations it has had snch powerful sway ? 

Different effects of Natural Selection on ■hnmnls and 
on Man. 
In order to answer those questions, we must consider 
why it is that " natural selection " acts so poweifully 
upon animals ; and we shall, I believe, tmd, tiiat its 
effect depends mainly upon their selt-dependence and 
individual isolation. A slight injury, a tempoiary 
illness, will often end in death, because it lenes the 
individual powerless against its enemies If an hcrbi 
vorous animal is a little sick and has nc t t 1 1\ eil foi a 
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day or two, and the herd is tiien pursued by a beast of 
prey, our poor invalid inevitably falls a victim. So, in 
a carnivorous animal, the least deficiency of vigonr pre- 
vents its capturing food, and it soon dies of starvation. 
There is, as a general rule, no mutual assistance 
between adults, which enables them to tido over a 
period of sicknesa. Neither is there any division of 
labour; each must fulfil all the conditions of its 
existence, and, therefore, " natural selection " keeps 
all up to I pretty uniform standard. 

But m min, as we now behold him, this is different. 
He i"! soeid and sympathetic. In the rudest tribes 
the -iick aie assisted, at least with food; less robust 
hoi'th md vigom' than the average does not entail 
dcith Neither does the want of perfect limbs, or 
other oigms, produce the same effects aa among ani- 
mils bome division of labour takes place ; the swiftest 
hunt, the less active fish, or gather fruits ; food is, to 
some extent, eschanged or divided. The action of 
natural SLloetion is therefore checked ; the weaker, the 
dwaifi'h, those of less active liinhs, or less piercing 
eje-ii^ht, do not suffer the extreme penalty which falls 
upon anirails so defective. 

In pioptrtion as these physical characteristics be- 
coii e of less importance, mental and moral qualities 
will hi\G increasing influence on the well-being of 
the nte Capacity for acting in concert for pro- 
tection, and for the acquisition of food and shelter ; 
svmpithv, which leads all in turn to assist each other ; 
the senae of right, which checks depreciations upon our 
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fellows ; the smaller development of the combative and 
destructivo propensities ; self-restraint in present appe- 
tites ; and that intelligent foresight which prepares for 
the future, are all qualities, that from their earliest 
appearance must have been for the benefit of each 
community, and would, therefore, have become the 
subjects of " natural selection." I"or it is evident 
that such qualities would be for the well-being of 
man ; would guard him against external enemies, 
against internal dissensions, and against the effects of 
inclement seasons and impending famine, more surely 
than coidd any merely physical modification. Tribes 
in which such mental and moral qualities were pre- 
dominant, would therefore have an advantage in the 
struggle for existence over other tribes in which they 
were less developed, would live and maintain their 
numbers, while the others would decrease and finally 
succumb. 

Again, when any slow changes of physical geogra- 
phy, or of climate, make it necessary for an animal 
to alter its food, its clothing, or its weapons, it can 
only do bo by the occurrence of a corresponding 
change in its own bodily structure and internal or- 
ganization. If a larger or more powerfnl beast is to 
be captured and devoured, as when a carnivorous ani- 
mal which has hitherto preyed on antelopes is obliged 
from their decreasing numbers to attack buffaloes, it 
is only the strongest who can hold, — thoso with most 
powerful claws, and formidable canine teeth, that can 
struggle wiih and overcome such an animal. Natural 
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or a better bow, or he constructs a cunning pitfall, 
or combines in a hunting party to circumvent his 
new prey. The capacities which enable him to do this 
are what he requires to be strengthened, and these 
will, therefore, be gradually modified by ''natural se- 
lection," while the form and structure of his body will 
remain unchanged. So, when a glacial epoch comes 
on, some animals must acquire warmer fur, or a cover- 
ing of fat, or else die of cold. Those best clothed by 
natnre are, therefore, preserved by natural selection. 
Man, under the same circumstances, will make him- 
self warmer clothing, and build better houses ; and 
the necessity of doing this wiU react upon his mental 
organization and social condition — will advance them 
while his natural body .remains nalted aa before. 

When the accustomed food of some animal becomes 
scarce or totally fails, it can only exist by becoming 
adapted to a new kind of food, a food perhaps less 
nourishing and less digestiblei "Natural selection" 
will now act upon the stomach and intestines, and all 
their individual variations will be taken advantage of, 
to modify the race into harmony with its new food. 
In many cases, however, it is probable that this can- 
not be done. The internal organs may not vary quick 
enough, and then the animal will decrease in numbers, 
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and fiaailjr become extinct. But man guards himself 
from such accidents by superintending and guiding 
the operations of nature. He plants the seed of his 
most agreeable food, and thus procures a supply, in- 
dependent of the accidents of varying seasons or na- 
tural extinction. He domesticates animals, which sei-ve 
him either to capture food or for food itself, and thus, 
changes of any great extent In his teeth or digestive 
organs are rendered unnecessary. Man, too, has every- 
where the use of fire, and by its means can render 
palatable a variety of animal and vegetable substances, 
which he could hardly otherwise make use of; and thus 
obtains for himself a supply of food far more varied and 
abundant than that which any anima! can command. 

Thus man, by the mere capacity of clothing him- 
self, and making weapons and tools, has taken away 
from nature that power of slowly but permanently 
changing the external form and structure, in accord- 
ance witli changes in the external world, which she 
exercises over all other animals. As the competing 
races by which they are snrrounded, the climate, the 
vegetation, or the animals which serve them for food, 
are slowly changing, they must undergo a corre- 
sponding change in their Btructnre, habits, and con- 
stitution, to keep them in harmony with the new 
conditions — to enaMe them to live and maintain their 
numbers. But man does this by means of his int«liecfc 
alone, the variations of which enable him, with an 
imchanged body, still to keep in harmony with the 
changing universe. 
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There is one point, however, in which nature will 
still act upon him as it does on animals, and, to some 
extent, modify his external eharactei-s. Mr. Darwin 
has shown, that the colour of the skin is correlated 
with constitutional peculiarities hoth in vegetahlos and 
animals, so that liability to certain diseases or freedom 
from theni is often accompanied by marked external 
characters. Now, there is every reason to believe 
that this has acted, and, to some extent, may still 
continue to act, on man. In loealitica where certain 
diseases are prevalent, those individuals of savage races 
which were subject to them would rapidly die off; 
while those who were constitutionally free from the 
disease would survive, and form the progenitors of a 
new race. These favoured individuals would probably 
be distinguished by peculiarities of colour, with which 
again pecuharitics in the texture or the abundance 
of liair seem to be correlated, and thus may have 
been brought about those racial differences of colour, 
which seem to have no relation to mere temperature 
or other obvious peculiarities of climate. 

From the time, therefore, when the social and sym- 
pathetic feelings came into active operation, and the 
intellectual and moral faculties became fairly deve- 
loped, man would cease to be influenced by " natural 
selection " in his physical form and structure. As aa 
animal he would remain almost stationary, the changes 
of the surroimding universe ceasing to produce in him 
that powerful modifying effect which they exercise 
over other parts of the organic world. But from the 
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monnent that tho form of his body became stationary, 
hia mind wonld become subject to those very influ- 
ences from which his body had escaped ; every slight 
variation in his mental and moral nature which should 
enable him better to guard against adverse circum- 
stances, and combine for mutual comfort and protection, 
would be prcsorved and accumulated ; the better and 
higher specimens of our race would therefore incfroase 
and spread, the lower and more brutal would give way 
and successively die out, and that rapid advancement 
of mental organization would occur, which has raised 
the very lowest races of man so far above the brutes 
(although differing so little from some of them in 
physical structure), and, in conjunction with scarcely 
perceptible modifications of form, has developed the 
wonderful intellect of the European races. 



Tnflusnce of external Naiurf, in tJie development of the 
Human Mind. 
But from the time when this mental and moral 
advance commenced, and man's physical character 
became fixed and almost immutable, a new series of 
cauaes Would come into action, and take part in his 
mental growth. The diverse aspects of nature would 
now malio themselves felt, and profoundly influence the 
character of the primitive man- 
When the power that had hitherto modified the body 
had its action transferred to the mind, then races would 
advance and become improved, merely by the harsh dis- 
cipline of a sterile soil and inclement seasons. Under 
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their influence, a liardier, a more proTident, and a 
more social race would be developed, than in those 
regions where the earth produces a perennial supply 
of vegetable food, and wheie neither foresight nor 
ingenuity are required to prepare for the rigours of 
winter. And is it not the fact that in all ages, and 
in every quarter of the globe, the inhabitants of tem- 
perate have been superior to those of hotter countries? 
AU the great invasions and displacements of races have 
been from North to South, rather than the reverse ; 
and we have no record of there ever hav-ing existed, 
any more than there exists to-day, a solitary instance 
of an indigenous inter -tropical civilization. The 
Mexican civilization and government came from the 
Nortli, and, as well as the Peruvian, was established, 
not in the rich tropical plains, but on the lofty and 
sterile plateaux of the Andes, The religion and civi- 
lization of Ceylon were introduced from North India ; 
the successive conquerors of the Indian peninsula came 
from the North-west ; the northern Mongols conquered 
the more Southern Chinese ; and it was the hold and 
adventurous tribes of the North that overran and in- 
fused new life into Southern Europe. 

Extmction of Lower Races. 
It is the same great law of " the preservation of 
favoured races in the struggle for life," which leads 
to the inevitable extinction of all those low and 
mentally undeveloped populations with which Euro- 
peans come in contact. The red Indian in North 
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America, and in Brazil; the Tasmanian, Australian, 
and New Zealander in the southern liemispliere, die 
out, not from any one special cause, but from the 
inevitable effects of an unequal mental and physical 
struggle. Tlie intellectual and moral, as well as the 
physical, qualities of the European are superior; the 
same powers and capacities which have made him 
rise in a few centuries from the condition of the 
wandering savage with a scanty and stationary popu- 
lation, to his present state of culture and advancement, 
with a greater average longevity, a greater average 
strength, and a capacity of more rapid increase, — 
enable him when in contact with the savage man, to 
conquer in the struggle for existence, and to increase at 
his expense, just as the better adapted, increase at tbo 
expense of the less adapted varieties in the animal and 
vegetable kingdoms, — jnst as the weeds of Europe 
overrun North America and Australia, extinguishing 
native productions by the inherent vigour of their 
organization, and by their greater capacity for existence 
and multiplication. 

The Origin of tlie Races of Man. 
If these views are correct ; if in proportion as 
man's social, moral, and intellectual faculties became 
developed, his physical structure would cease to be 
affected by the operation of "natural selection," wo 
have a most important clue to the origin of races. 
For it will follow, that those great modifications of 
structure and of exteriinl form, which resulted in tlie 
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development of maa out of some lower type of animal, 
must liave occurred before his intellect had raised him 
above the condition of the brutes, at a period when he 
was gregarious, but scarcely social, with a mind per- 
ceptive but not reflective, ere any sense of t^lit or 
feelings of sympathy had been developed in him. He 
would be still subject, like tho rest of the organic 
world, to the action of "natural selection," which 
would retain his physical fonn and constitution in har- 
mony ■with the surrounding universe. Ho was pro- 
bably at a very early period a dominant race, spreading 
widely over the warmer regions of the eai-th as it then 
existed, and in agreement with what we see in the 
case of other dominant species, gradually becoming 
modified in accordance with local conditions. As he 
ranged farther from his original home, and became 
exposed to greater extremes of climate, to greater 
changes of food, and had to contend with new enemies, 
organic and inorganic, slight nscful variations in his 
constitution would be selected and rendered permanent, 
and would, on the principle of " correlation of growth," 
he accompanied by corresponding external physical 
changes. Thus might have arisen those striking char- 
acteristics and special modifications which still distin- 
guish the chief races of mankind. The red, blacli, 
yellow, or blushing white skin ; tho straight, the curly, 
the woolly hair ; the scanty or abundant beard ; the 
straight or oblique eyes ; the various forms of the 
pelvis, the cranium, and other parts of tho skeleton. 
But while these changes had been going on, his 
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mental development had, from somo miloiowu cause, 
greatly advanced, and had now reached that condition 
in which it began powerfully to influence his whole 
existence, and would therefore become subject to the 
irresistible action of " natural selection." This action 
would quickly give the ascendency to mind: speech 
would probably now be first developed, leading to a 
still further advance of the mental faculties ; and from 
that moment man, as regards the form and structure of 
most parts of bis body, would remain almost station- 
ary. The art of making weapons, division of labour, 
anticipation of the future, restraint of the appetites, 
moral, social, and sympathetic feelings, would now 
have a preponderating influence on his well being, 
and would therefore be that part of his nature on 
which " natural selection " would most powerfully act ; 
and we si Id tl 1 pi d tl t w 1 f ! i 

sistence f phy 1 h ra t t wl 1 tl 

stumbling hi k f th wl d te tl ty f 

mankind 

We ar w th f 1 1 d t I m tl 

conflictin w f th p 1 t n tl bj t 

Man may h b lllbl mtb bn 

once ahm„ ,btt '■P ^^ 

which wo have as yet discovered no remains, at a period 
so remote in his history, that he had not yet acquired 
that wonderfully developed brain, the organ of the 
mind, which now, even in his lowest examples, raises 
him far above the highest brutes ; — at a period when 
he had the form but hardly the nature of man, when 
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he neither possessed human speechj nor those sympa- 
thetic and moral feelings which in a greater or less 
degree everywhere now distinguish the race. Just in 
proportion as these truly human faculties became deve- 
loped in him, would his physical features become fixed 
and permanent, because the latter would be of less im- 
portance to his well being ; he would bo kept in har- 
mony with the slowly changing universe around him, 
by an advauco in mind, rather than by a change in 
body. If, therefore, we are of opinion that he was not 
reallyman till these higher faculties were fully deve- 
loped, we may fairly assert that there were many ori- 
ginally distinct races of men ; while, if we think that 
a being closely resembling us in form and structure, 
but with mental faculties scarcely raised above the 
bruta, must still be considered to have been human, 
WG are fully entitled to maintain the common origin of 
all mankind. 

The Bearing of these Views on the Anilqidtij of 
Man. 

These considerations, it will he seen, enable us to 
place the origin of man at a much more remote geo- 
logical epoch than has yet been thought possible. He 
may even have lived in the Miocoao or Eocene period, 
when not a single mammal was identical in form with 
any existing species. For, in the long series of ages 
dnring which these primeval animals were being slowly 
changed into the species which now inhabit the earth, 
the power which acted to modify them would only 
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affect the mental organization of man. His brain 
alone would have increased in size and complexity, and 
Iiis cranium havo undergone corresponding changes of 
form, while the whole structore of lower animals was 
being changed. This will enable us to understand how 
the fossil crania of Denise and Engis agree so closely 
with existing forms, although they undoubtedly existed 
in company with large mammalia now extinct. The 
Neanderthal skull may be a specimen of one of the 
lowest races then existing, just as the Australians are 
the lowest of our modern epoch. We have no reason 
to suppose that mind and brain and skull modification, 
could go on quicker than that of the other parts of the 
organization ; and we must therefore look back very far 
in the past, to find man in that early condition in whicli 
his mind was not sufficiently developed, to remove his 
body from the modifying influence of external condi- 
tions and the cumulative action of " natural selection." 
I believe, therefore, that there is no h priori reason 
against our fmding the remains of man or bis works 
in the tertiary deposits. The absence of all such 
remains in the European beds of this age has little 
weightj because, as we go further back in time, it is 
natural to suppose that man's distribution over the 
surface of the earth was less universal than at present. 
Besides, Europe was in a great measure submerged 
during the tertiary epoch ; and though its scattered 
islands may have been uninhabited by man, it by no 
means follows that he did not at the same time exist in 
warm or tropical continents. If geologists can point 
T 2 
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out to US the most extensive land in the warmer regions 
of the earth, which has not been submerged since 
Eocene or Miocene times, it is there that we may ex- 
pect to find some traces of the very early progenitors of 
man. It is there that we may trace back the gradually 
decreasing brain of former races, till we come to a time 
when the body also begins materially to differ. Then 
we shall have reached the starting point of the human 
iamily. Before that period, he had not mind enough 
to preserve his body from change, and would, there- 
fore, have been subject to the same comparatively rapid 
modifications of form as the other mammalia. 

T/ieir Bearing on the Dignity and Supremacy of Man. 
If the views I have here endeavoured to sustain 
have any foundation, they give us a new argument for 
placing man apart, as not only the head and culmi- 
nating point of the grand series of organic nature, but 
as in some degree a new and distinct order of being. 
From those infinitely remote ages, when the first rudi- 
ments of organic life appeared upon the earth, every 
plant, and every animal has been subject to one great 
law of physical change. As the earth has gone tiirough 
its grand cycles of geological, climatal, and organic 
progress, every form of life has been subject to its 
irresistible action, and has been continually, but imper- 
ceptibly moulded into such new shapes as would pro- 
serve their harmony with the ever-changing universe. 
No living thing could escape this law of its being ; 
none (except, perhaps, the simplest and most rudi- 
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mentary oigauisms), could remain unclitn^t,d md li^e, 
amid the tiiiiversal change around it 

At leiii|th, however, tiifre cime into e\i»tence a 
l>eing in whom that subtle force ■«e term mmd, be- 
came of ijreatei importince than his mere boddy stiuc- 
ture. Though with a naked anl unpiottctcd body, 
this g&\e him clothm^ against the \arymg inclemea 
cies of the seasuna Though unable to compete ^ith 
the deer in swiftness, or with the wild bull in strength, 
this gave him weapons with which to capture or over- 
come both. Though less capable than most other ani- 
mals of living on the herbs and the fruits that unaided 
nature supplies, this wonderful faculty taught him to 
govern and direct nature to his own benefit, and make 
her produce food for him, when and where he pleased. 
From the moment when the first skin was used as 
a covering, when the iirst rude spear was formed to 
assist in the chase, when fire was first used to cook his 
food, when the first seed was sown or shoot planted, 
a grand revolution was effected in nature, a revolu- 
tion which in all the previous ages of the earth's his- 
tory had had no paraUel, for a being had arisen who 
was no longer necessarily subject to cliange with the 
changing universe — a being who was in some degree 
superior to nature, inasmuch as he knew how to con- 
trol and regulate her action, and could keep himself 
in harmony with her, not by a change in body, but 
by an advance of mind. 

Here, then, we see the true grandeur and dignity 
of man. On this view of his apecia! attributes, we 
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may admit, that even those who claim for him a 
position as an ortJer, a class, or a siib -kingdom by 
himself, have some show of reason on their side. He 
is, indeed, a being apart, since he is not influenced 
by the great laws which irresistibly modify all other 
organic beings. Nay more ; this victory which lie has 
gained for himself, gives him a directing influence 
over other existences. Man has not only escaped 
"natural selection" himself, but he is actually able 
to take away some of that power from nature which 
before his appearance she universally exercised. We 
can anticipate the tJmo when the earth will produce 
only cultivated plants and domestic animals ; when 
man's selection shall have supplanted "natural selec- 
tion;" and when the ocean will be the only domain 
in which that power can be exerted, which for count- 
less cycles of ages ruled supreme over all the earth. 

77ieir Bearing on ilie future Development of Man. 

We now find ourselves enabled to answer those who 
maintain, that if Mr. Darwin's theoiy of the Origin of 
Species is true, man too must change in form, and be- 
come developed into some other animal as different from 
his present self as he is from the Gorilla or the Chim- 
panzee ; and who speculate on what this form is likely 
to be. But it is evident that such will not he the case ; 
for no change of conditions is conceivable, which mil 
render any important alteration of his form and organi- 
zation so universally useful and necessary to him, as 
to give those possessing it always the best chance of 
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surviving, and thus lead to the development of a new- 
species, genus, or liiglier group of man. On the other 
hand, wc know that far greater changes of conditions 
and of his entire environment have been undergone by 
man, than any other highly organized animal could 
survive unchanged, and have been met by mental, not 
corporeal adaptation. The diiFeronce of habits, of food, 
clothing, weapons, and enemies, between savage and 
civilized man, is enormous. Difference in bodily form 
and structure there is practically none, except a slightly 
increased size of brain, corresponding to his higher 
menti! de^elofment 

We have i,\ciy reason to believe then thit min 
m'JV 1 ive existed and may continue to evist thiough 
a sones of geological periods which shill see all other 
forms of anunil life igam ind again chmged while he 
himself lennins unchangn! except in tie two paiti 
culars aliealy spccfied — the heid aid fan, is mme 
diately connected with the oigan ot the mind anl a'* 
being the melium of expressing the mo«t rehned emo 
tions of his natuie — ind to a slight extent in colour 
hail ind piopnrtions so tii as they aiu e irelited with 
constitutional les stance to disease 

SummaTy. 

Briefly to recapitulate the argument ; — in two dis- 
tinct ways has man escaped the inilucnce of those 
laws which have produced unceasing change in the 
animal world. 1. By his superior intellect ho is ena- 
bled to provide himself with clothing and weapons, and 
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by cultivating the soil to obtain a constant supply of 
congenial food. This renders it unnecessary for his 
body, like those of the lower animals, to be modified 
in accordance with changing conditions — to gain a 
warmer natural covering, to acquire more powerftil 
teeth or claws, or to become adapted to obtain and 
digest new kinds of food, as circumstances may re- 
quire. 2. By bis superior sympathetic and moral 
feelings, he becomes fitted for the social state ; he 
ceases to plunder the weak and helpless of his tribe ; 
he shares the game which he has caught with loss 
active or less fortunate hunters, or exchanges it for 
weapons which even tbo weak or the deformed can 
fashion ; he saves the sick and wounded from death ; 
and tlius the power which leads to the rigid destruc- 
tion of all animals who cannot in every respect help 
themselves, is prevented from acting on bim. 

This power ia "natural selection;" and, as by no 
other means can it be shown, that individual varia- 
tions can ever become accumulated and rendered per- 
manent so as to form well-marked races, it follows 
that the differences which now separate mankind from 
other animals, must have been produced before he be- 
came possessed of a human intellect or human sympa- 
thies. This view also renders possible, or even requires, 
the existence of man at a comparatively remote geo- 
logical epoch. For, during the long periods in which 
other animals have been undergoing modification in 
their whole structure, to such an amount as to con- 
stitute distinct genera and i'amilies, man's bodi/ will 
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have remained generically, or evea speoificallj', the 
same, while his head and hrain alone will have un- 
dergone modification equal to theirs. We can thus 
understand how it is that, judging from the head 
and brain, Professor Owen places man in a distinct 
sab -class of mammalia, while as regarda the bony 
structure of his body, there is the closest anatomical 
resemblance to the anthropoid apes, "every tooth, every 
bone, strictly homologous — which makes the determi- 
nation of the difference between Homo and PitJiecits 
the anatomist's difficulty." The present theory fully 
recognises and accounts for these facta ; and wo may 
perhaps claim as corroborative of its truth, that it 
neither requires us to dopreeiate the intellectual chasm 
which separates man from the apes, nor refuses iull 
recognition of the striking resemblances to them, which 
exist in other parts of his structure. 

Conclusion, 
In concluding this brief sketch of a great subject, 
I would point out its bearing upon the future of the 
human race. If my conclusions are just, it must in- 
evitably follow that the higher — the more intellectual 
aud moral — must displace the lower and more de- 
graded races ; and the power of " natural selection," 
still acting on his mental organization, must ever lead 
to the more perfect adaptation of man's higher facul- 
ties to the conditions of surrounding nature, and to 
the exigencies of the social state. While his external 
form will probably ever remain unchanged, except in 



Hn^lcdbyGoOglc 



S60 IIIE A'TIOX OF KATCniL 

the development of that perfect heauty which results 
from a healthy and well organized body, refined and 
ennobled by the highest intellectual faculties and sym- 
pathetic emotionsj his mental constitution may con- 
tinue to advance and improvoj till the world is again 
inhabited by a single nearly homogeneoii? raee, no 
individual of which will be inferior to the noblest 
specimens of existing humanity. 

Our progress towards such a result is very slow, but 
it still seems to be a progress. We are just now living 
at an abnormal period of the world's history, owing to 
the mirveilouft developments anl vast jnctical lesnlts 
of science, having loon gnen to sooietiei too low 
morally ind intellectually, to I now how tj mile the 
best use of them, and to wl om tl ey h'lvo consequently 
been aiises is well is blessings Among tivih^ed na- 
tions at the present day, it does not seem poibible ftr 
nituril selection to act m my wa^ , so as to seoure the 
pemnnent id^ancement of molality anl intdhgence , 
for it IS mdispntibly the mediocte, if not the low, both 
as regards moiditj and mtelhgenee wh> succeed best 
in lite and multii ly fastest Yet theio is undoubtedl} 
an atvince — on tbi, wbolu i steady and a [Limanent 
one — both m the influence on publ e opini n of a high 
mor dity, ind in the general desire for mteilectua! ele- 
■Mtion and is I cannot impute this m any way to 
' surM^al of the fittest, I im forced to conclude thil 
it is due, to the inherent progressive power of those 
glorious qualities which raise us so immeasurably above 
our fellow animals, and at the same time afford us the 
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surest proof that there are other and higher existences 
than oarselves, from whom these qualities may have 
been derived, and towards whom we may be ever 
tending. 
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APPLIED TO MAN. 

Tbeouohodt this volume I have endeavoured to show, 
that the known laws of variation, multiplication, and 
heredity, resulting in a "struggle for existence" and 
the "survival of the fittest," have probably sufficed to 
produce aU the varieties of structure, all the wonderful 
adaptations, all the beauty of form and of colour, that 
we see in the animal and vegetable tiugdoms. To the 
best of my ability I have answered the most obvious 
and the most often repeated objections to this theory^ 
and have, I hope, added to its general strength, by 
showing how colour — one of the strongholds of the 
advocates of special creation — may be, in almost all its 
modifications, accounted for by the combined influence 
of sexual selection and the need of protection. I have 
also endeavoured to show, how the same power which 
has modified animals has acted on man ; and have, I 
believe, proved that, as soon as the human intellect 
became developed above a certain low stage, man's 
body would cease to be materially affected by natural 
selection, because the development of hia mental facul- 
ties would reiidei" important modifications of its form 
and structure unnecessary. It will, Uierefore, probably 
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escite some surprise among my readers, to find that 
I do not consider that all nature can be explained on 
the principles of which I am so ardent an advocate ; 
and that I am now myself going to state objeetions, 
and to place limits, to the power of " natural selection." 
I believe, however, that there are such limits ; and tbat 
just as surely as we can trace the action of natural 
laws in the development of organic forms, and can 
clearly conceive that fuller knowledge would enable 
us to follow step by step the whole process of that 
development, so surely can we trace the action of 
some unknown higher law, beyond and independent 
of all those laws of which we have any knowledge. 
We can trace this action more or less distinctly in 
many phenomena, the two most important of which 
are — the origin of sensation or consciousness, and the 
development of man from the lower animals. I shall 
first consider the latter difficulty as more immediately 
connected with the subjects discussed in this volume. 

What Natural Selection can Not do. 
In considering the question of the development of 
man by known natural laws, we must ever bear in 
mind the first principle of " natural selection," no less 
than of the general theory of evolution, that all changes 
of form or structure, all increase in the size of an 
organ or in its complexity, all greater specialization or 
physiological division of labour, can only be brought 
about, in as much as it is for the good of the being 
so modified. Mr. Darwin himself has taken care to 
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impress upon us, that *'iiatnral selection" haa no power 
to produce absolute perfection but only relative perfec- 
tion, no power to advance any being much, beyond 
his fellow beings, but only just so much beyond them 
as to enable it to survive them in the struggle for 
existence. Still less has it any power to produce 
modifications which are in any degree injurious to its 
possessor, and Mr. Darwin frequently uses the strong 
expression, that a single case of this kind would be 
fetal to his theory. If, therefore, we find in man any 
characters, which aJ! the evidence we can obtain goes 
to show would have been actually injurious to him on 
their first appearance, they could not possibly have 
been produced by natural selection. Neither conld 
any specially developed organ have been so produced 
if it had been merely useless to him, or if its use were 
not proportionate to its degree of development. Such 
cases as these would prove, that some other law, or 
some other power, than "natural selection" had been 
at worl?. But if, further, we could =ice that these 
very modifications, though hurtful or useless at the 
time when they first appeared, became in the highest 
degree useful at a much later period, and are now 
essential to the full moral and intellectual development 
of human nature, wo should then infer the acfjon of 
mind, foreseeing the future and preparing for it, just 
as surely as we do, when we see the breeder set himself 
to work with the determination to produce a definite 
improvement in some cultivated plant or domestic 
animal. I would further remark that this enquiry is 
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as thorougiily Bcientifio and legitimate as that into the 
origin of species itself- It is an attempt to solve the 
inverse problem, to deduce the existence of a new 
power of a definite character, in order to account for 
facts which according to the theory of natural selection 
ought not to happen. Such problems are well known 
to science, and the search after their solution has often 
led to the most brillismt results. In the case of man, 
there are facts of the nature above alluded to, and in 
calling attention to them, and in inferring a cause for 
them, I believe that I am as strictly within the bounds 
of scientific investigation as I have been in any other 
portion of my work. 

The Brain of (k Sinqt, slou i lo Ir Li ler tiai Je 
Neeh It to It 

Sue of B am an tmpor/ant Elem nt of Meytil 
Poi 1 — The brain is univeisilly idm tted to le the 
organ of the mmd and it is almost ■« universilly 
admitted that size of brain is one of the most impor- 
tant of the elements which determine mtntil power 
or cajacitv There s ems to be no doult that hi una 
difFei contideiably m quility as indicated by greater 
or less complexity of the con\ olutions, quintiti of grey 
matter, and peibaps unknown peculiarities ot organiza 
tion but this d ffeience of quility s-eems merely to 
inciease or dimmitJi the influeiite ot quint tv, not to 
neuti hze it Thu« ill the most eminei t m km 
wnters see in ii t nitp connp tion 1 ci\ een tl e di 
mimihel siz of the biam in t! e lower races, ot man 
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kind, and tlieir intellectual inferiority. The collections 
of Dr. J. B. Davis and Dr. Morton give the following 
as the average internal capacity of the cranium in the 
ch ef n ei — T utonic fimilj di cubic inches Esqui- 
maux, <)1 culic inches Negioes, '^5 cubic mchts, 
Austial nns ai d Taamanians b2 cubn, inches Bush- 
men 77 cubic mchea These li^t numbers, however, 
are dcluccd fiom eomj aritively few specmeni and 
miy he 1 elow the i\erage j ibt as i «mall number of 
Finns and Cofisacks ^vo 98 cubic inches, or con 
siderablj more thnn thit of the Germin rac s It is 
evdent thcioforo that the ibsolnte bulk of the brain 
IS not necessaiily much leas in sna^e thm m cmliied 
min for Eiquimiux skulls are known with a eipacity 
of llo mcheSj oi hardly less than tl e largest among 
Europeans rButwh\tia still more e\.traoidnai\ the 
tow remans yet known of pie historic man do not 
indicate any mater al diminution m the size of the 
brain case~\ A bniss si nil of the stono age found 
in the ItI e dwelhng of Me len, corresponded exactly 
to that of a Swiia joiith of the prc=!ent day The 
celebntcJ Neindertha! skuU had a hrcei circujifer- 
ence than the aierage, and ita capac ty, indicating 
actual n ass of bram, i'> estiinited to have leen not less 
than 75 cubic mcle^ or neirli the a\ i ^e of e\ist 
mg Au'itr han cran a The Eng « «Lull perhaps the 
oldest known and which iccordu g to bir John 
Lubbocl , tiere seems no doubt was leally contem 
poraiy with the mammoth and the ca\e bear, is }et 
according to Professor Huxley, " a fair average skull, 
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TS'hicli might liave belonged to a philosopher, or might 
have contained the thoughtless brains of a savage." 
Of tho cave men of Les Eyzies, who were nndoubtedly 
contemporary with tlie reindeer in the South of France, 
Professor Paul Broca says (in a paper read before 
tho Congress of Pre-historic Archeology in 1868) — 
" The great capacity of the brain, the development of 
the frontal region, the fine elliptical form of the anterior 
part of the profile of the sfeall, are incontestible char- 
acteristics of superiority, such as we are accustomed to 
meet ivith in civilised races ; " yet the great breadth of 
the face, the enormous development of the ascending 
ramus of the lower jaw, the extent and roughness of 
the surfaces for the attachment of the muscles, espe- 
cially of tlie masticators, and the extraortlin:iry de- 
velopment of the ridge of the femur, indicate enormous 
muscular power, and the habits of a savage and 
bruttd race. 

These facts might almost make us doubt whether 
the size of the brain is in any direct way an index of 
mental power, had we not the'most conclusive evidence 
that it is so, in the feet that, whenever an adult male 
European has a skull less than nineteen inches in cir- 
cumference, or has less tlian sixty-iive cubic inches of 
brain, he is invariably idiotic When we join with this 
the equally undisputed fact, that great men— those who 
combine acute perception with great reflective power, 
strong passions, and general energy of character, snch 
as Napoleon, Cm'ier, and O'Connel!, have always heads 
far above the average size, we must feci satisfied that 



Hn^lcdbyGoOglc 



3S8 THE LIMITS OF NATURAL SELECTION 

volume of brain ia one, and perhaps tlie most impor- 
tant, measure of intellect ; and this being the case, we 
cannot fail to he struck with the apparent anomaly, 
that many of the lowest savages should have as much 
brains as average Europeans. The idea is suggested 
of a surplusage of power ; of an instrument beyond the 
needs of its possessor. 

Comparison of the Brains of Man and of Anthropoid 
Apes. — In order to discover if there is any foundation 
for this notion, let us compare the brain of man with 
that of animals. The adult male Orang-utan is quite as 
bulky as a small sized man, while the Gorilla is consi- 
derably above the average size of man, as estimated by 
bulk and weight; yet the former has a brain of only 
28 cubic inches, the latter, one of 30, or, in the largest 
specimen yet known, of 34^ cubic inches. We have 
seen that the average cranial capacity of the lowest 
savages is probably not less than five-sixtlis of that of 
the highest civilized races, while the brain of the 
anthropoid apes scarcely amounts to one-tMrd of that 
of man, in both cases taking the average; or the 
proportions may be more clearly represented by the 
following figures — anthropoid apes, 10; savages, 26; 
civilized man, 32. But do these figures at all approxi- 
mately represent the relative intellect of the three 
groups ? Is the savage really no further removed from 
the philosopher, and so much removed from the ape, 
as these figures would indicate? In considering this 
question, wo must not forget that the heads of savages 
vary in size, almost as much as those of civilized 
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Europeans. Thus, wliile the largest Teutonic sknll 
in Ur. DavJs' collection is 112'i cubic inches, there is 
an Arancanian of 115'5, an Esquimaux of llS'l, a 
Marquesan of 110'6, a Negro of 105'8, and even an 
Australian of 104'5 cubic inches. We may, there- 
fore, fairly compare the savage with the highest 
European on the one side, and with the Orang, Chim- 
panzee, or Gtorilla, on the other, and see whether 
there is any relative proportion between brain and 
intellect. 

Range of intellectual power in Man. — First, lot us 
consider what this wonderful instrument, the brain, is 
capable of in its higher developments. In Mr. Galton's 
interesting work on " Hereditary Genin.s," he remarks 
on the enormous difference between the intellectual 
power and grasp of the well-trained mathematician 
or man of science, and the average Englishman. The 
number of marlcs obtained by high wranglers, is often 
more than thirty times as great as that of the men 
at the bottom of the honour list, who are still of fair 
mathematical ability ; and it is the opinion of skilled 
examiners, that evon this does not represent the full 
difference of intellectual power. If, now, we descend 
to those savage tribes who only count to three or five, 
and who find it impossible to comprehend the addition 
of two and three without having the objects actually 
before them, we feel that the chasm between them and 
the good mathematician is so vast, that a thousand to 
one will probably not fully express it. Yet WC know 
that the mass of brain might be nearly the same in 
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both, or might not differ in a greater proportion than 
as 5 to 6 ; whence we may fairly infer that the savage 
possesses a brain capable, if cultivated and developed, 
of performing work of a kind and degree far beyond 
what he ever requires it to do. 

Again, let us consider the power of the higher or 
even the average civilized man, of forining abstract 
ideas, and carrying on more or less complex trains 
of reasoning. Our languages are full of terms to 
express abstract conceptions. Our business and our 
pleasures involve the continiml foresight of many con- 
tingencies. Our law, our government, and our science, 
continually require ns to reason through a variety of 
complicated phenomena to the expected result. Even 
onr games, such as chess, compel us to exercise all 
these facnlties in a remarkable degree. Compare this 
with the savage Linguages, which contain no words 
for abstract conceptions; the utter want of foresight 
of the savage man beyond his simplest necessities; his 
inability to combine, or to compare, or to reason on 
any general subject that does not immediately appeal 
to his senses. So, in his moral and aesthetic faculties, 
the savage has none of those wide sympathies with all 
nature, those conceptions of the infinite, of the good, 
of the sublime and beautifiil, which are so largely 
developed in civilized man. Any considerable develop- 
ment of these would, in fact, be useless or even hurtfnl 
to him, since they would to some extent interfere with 
the supremacy of those perceptive and animal faculties 
on which his very existence often depends, in the 
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severe struggle he has to carry on against nature and 
his fellow-man. Yet the rudiments of all these powers 
and feelings undoubtedly exist in him, since one or 
other of them frequently manifest themselves in ex- 
ceptional cases, or when some special circumstances 
call them forth. Some tribes, such as the Santals, 
are remarkable for as pure a love of truth as the most 
moral among civilized men. The Hindoo and the 
Polynesian have a high artistic feeling, the first traces 
of which are clearly visible in the rude drawings of 
the palfGolithic men who were the contemporaries in 
S'rance of tlie Reindeer and the Mammoth. Instances 
of unselfish love, of true gratitude, and of deep reli- 
gious feeling, sometimes occur among most savage 
races. 

On the whole, then, wo may conclude, that the general 
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nians, the Digger Indiana of North America, or the 
n\tnes ct I"ucgiij pi=!s their h\es so as to lequire 
the e\eruse ot few faculties not possessed in in equal 
degiee by in my animals In the mole of ciptuie of 
game or fish, tliey liy no means suipi'iS the ingcnnity 
or forethought ot the jaguni, wl o diops 'ilna into 
the water, and seizes the &-=h as they come to eat it, 
01 o± ^ohcs aud jaclals, who limt in pads or of 
the fo\, who bones his euiplus food till he lequires 
it The SLntmels placed b\ antelopes and hy m nl ej s, 
anl the vaiious modes of bmhbng abated hj fieli 
mice and beaters, as -ncll as the skepng plue of the 
oiang-utan and the tree shelter of some of the Afti- 
can anthropoid a^es, may well be compaicd with the 
amount of caio md foicthouebt bcstot^td bj many 
sitagea m similar ciictvmstances His possession of 
fiee and peiiect hands not requucd fci locomotion, 
enable man to torm and Uho weapons and implements 
vthicli aie heboid the ihjsital powers ot buites, but 
hating done this, he eeitaiiily does not exhibit more 
mmd m using them than do many letter mimals 
What is there in the life of the savage, but the satisfy- 
ing of the cravings of appetite in the simplest and 
easiest way? What thoughts, ideas, or actions are 
there, that raise him many grades above the elephant 
or the ape ? Yet he possesses, as we have seen, a 
brain vastly superior to theirs in size and complexity; 
and this brain gives him, in an nndevelopod state, 
facalties tvhich he never requires to use. And if this 
ip h'ue of existing savages, how much more true must 
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it have been of the men whose sole weapons wore 
i-udely chipped flints, and some of whom, we mny 
fairly conehide, were lower than any existing race ; 
while the only evidence yet in oar possession shows 
them to have had brains fully as capacious as those 
of the average of the lower savage races, 

We see, then, that whether we compare the saiage 
with the higher developments of man, or with the 
brutes around him, we are alike driven to the con- 
clusion that in his large and well-developed brain 
he possesses an organ quite disproportionate to liis 
actus! reqniremeuK — an organ that seems prepared in 
advanee, only to be fully utilized as he progresses in 
civilization. A brain slightly larger than that of the 
gorilla would, according to the evidence before ws, 
fully have sufficed for the limited mental development 
of the savage; and we must therefore admit, that the 
large brain he actually possesses could never have 
been solely developed by any of those laws of evolu- 
tion, whose essence is, that they lead to a degree of 
organization exactly proportionate to the wants of 
each species, never beyond those wants—that no pre- 
paration can be made for the future development of 
the race — that one part of the body can never increase 
m size 01 complexity, except in sttict co-ordination to 
the piessing wants of the whole The brain of pi'e- 
hiatoiic and of savage mm '-eema to me to prove 
the exi-itence of some power, distinct from that which 
has guided the development of the lower animals 
through their ever-varying forms of being. 
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Th { se Of He Hmj foieimf of Mamiiiiha 

Let us now conaidpi another point m mios oigani- 
z it on, tlie bearing of which his been almost entirely 
o\er!ooked by wnters on both sides of thia question 
One of the most general external cliancter^ of the 
teirestriil m\mma!ii la the biiij covering of the body, 
which, whenevei the ^km it fle\ible, soft, and sensitive, 
f >rnis a nituril piot«ction igim'.t the se-verities ot cli- 
mate, ind piiticuhrly igainst rain Thit thisi is its 
moBt impiTtint function, is weU shown by the manner 
m ^hieli the hurs are disposed &o is to enriy off the 
ivatei, b'^ being mvarinbh diieeted donnwaids fiom 
the moft ele-vited parts of the bodi Thus, on the under 
suifaco the hair la ilwijs less plentiful, and in many 
ca'sC'i, the bell} is almost hire Ihe haii hes down- 
wards, on the limbs ot all walking mammals, fiom the 
■shoiddcr to the toes, but m the orang-utan it is directed 
h im the shouldei to the elbow, and again from the 
wiist to tho olbtw, m a le^ei^e diiection Tins corre- 
sponds to the habits of the aiunial, T\hioh, when le-'ting, 
holds its long arms upwards over its head, or clasping 
a branch above it, so that tho rain would flow down 
both the arm and fore-arm to the long hair wHch meets 
at the elbow. In accordance with this principle, tho 
hair is always longer or more dense along the spine 
or middle of tlie back from the nape to the tail, often 
rising into a crest of hair or bristles on the i-idge of the 
back. This character prevails through the entire series 
of the mammalia, from the marsupials to the quadra- 
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mana, and by this long persiatence it must have ac- 
quired such a powerful hereditary tendency, that we 
should ospeet it to reappear continually even after it 
had been abolished by ages of the most rigid selection ; 
and wo may feel sure that it never could have been 
completely abolished under the law of natural selec- 
tion, uulcHS it had become so positively injurious as to 
lead to the almost invariable extinction of individuals 



The constant absence of Hair from cei'lain parts of 
Man's Body a remarkable Phenomemn. 

In man the hairy covering of the body haa almost 
totally disappeared, and, what is very remarkable, it 
has disappeared more completely from the back than 
from any other part of the body. Bearded and beard- 
less races alike have the back smooth, and even when 
a considerable quantity of hair appears on the limbs 
and breast, the back, and especially the spina! region, 
is absolutely free, thus completely reversing the charac- 
teristics of all other mammalia. The Ainos of the Kurile 
Islands and Japan are said to be a hairy race ; but Mr. 
Biekmore, who saw some of them, and described them 
in a paper read before the Ethnological Society, gives 
no details as to where the hair was most abundant, 
merely stating generally, that "their chief peculiarity 
is their great abundance of hair, not only on the head 
and face, but over the whole body." This might very 
well be said of any man who had hairy limbs and 
breast, unless it was specially stated that his back was 
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hairy, which is not done in this ease. The haiiy family 
in Birmah have, indeed, hair on the back rather longer 
than on the breast, thua reproducing the true mam- 
malian character, bnfc they have still longer hair on tiie 
fece, forehead, and inside the ears, which is quite ab- 
normal ; and the fact that their teeth are all very im- 
perfect, shows that this ia a case of monstrosity rather 
than one of true reversion to the ancestral type of man 
before he lost his hairy covering. 

Savage Man feels tlie Want of this Hairy Covering. 
We must now enquire if we have any evidence to 
show, or any reason to believe, that a hairy covering to 
the back would be in any degree hurtful to savage 
man, or to man in any stage of his progress from his 
lower animal form ; and if it were merely useless, could 
it have been so entirely and completely removed as not 
to be continually reappearing in mixed races? Let 
us look to savage man for some light on these points. 
One of the most common habits of savages is to use 
some covering for the back and shoulders, even when 
they have none on any other part of the body. The 
early voyagers obstsi-vcd with surprise, that the Taa- 
manians, both men and women, wore the kangaroo- 
skin, which was their only covering, not from any 
feeling of modesty, but over the shoulders to keep the 
back dry and warm. A cloth over the shoulders was 
also the national dress of the Maories. The Patago- 
nians wear a cloak or mantle over the shoulders, and 
tho Fuegians often wear a small piece of skin on the 
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bael^, Ificed on, and shifted from side to side as the 
wind blows. Tho Hottentots also wore a somewhat 
similar akin over tlio back, which they never removed, 
and in which they were buried. Even in the tropics 
most savages taJte precautions to keep their backs dry. 
The natives of Timor use the leaf of a fan palm, care- 
fully stitched up and folded, which they always carry 
with themj and which, held over the back, focms an 
admirable protection from the rain. Almost al! the 
Malay races, as well as the Indians of South America, 
make great palm-leaf hats, fonr feet or more across, 
which they use during their canoe voyages to protect 
their bodies from heavy showers of rain; and they 
use smaller hats of the same kind when travelling 
by land. 

Wo findj then, that so far from there being any 
reason to believe that a hairy covering to the back 
could have been hurtful or even useless to pre-historic 
man, the habits of modem savages indicate exactly the 
opposite view, as they evidently feel the want of it, and 
are obliged to provide substitutes of various kinds. 
The perfectly erect posture of man, may be supposed to 
have something to do with the disappearance of the 
hair from his body, while it remains on his head ; but 
when walking, exposed to rain and wind, a man natur- 
ally stoops forwards, and thus exposes his back ; and the 
undoubted fact, that most savages feel the effects of cold 
and wet most severely in that part of the body, suffi- 
ciently demonstrates that the hair could not have ceased 
to grow there merely because it was useless, even if it 
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were likely that a character so long persistent in tlio 
entire order of mammalia, could have so completely dis- 
appeared, nader the influence of so weak a selective 
power as a diminished usefulness. 

Man's Naked Sldn could iwt have been produced by 
Nattiral Selection. 

It seems to me, then, to be absolutely certain, that 
"Natural Selection" could not have produced man's 
hairless body by the accumulation of variations from a 
hairy ancestor. The evidence all goes to show that 
such variations could not have been useful, hut mast, 
on the contrary, have been to some extent hurtful. If 
even, owing to an unknown correlation with other 
hurtful qualities, it had been abolished in the ancestral 
tropical man, we cannot conceive that, as man spread 
into colder climates, it should not have returned under 
the powerful influence of reversion to such a long per- 
sistent ancestral type. But the very foundation of 
such a supposition as this is untenable ; for we cannot 
suppose that a character which, like hairiness, exists 
throughout the whole of the mammalia, can have be- 
come, in one form only, so constantly correlated with 
an injurious character, as to lead to its permanent 
suppression — a suppression so complete and eflfectuai 
that it never, or scarcely ever, reappears in mongrels 
of the most widely different races of man. 

Two characters could hardly be wider apart, than 
the size and development of man's brain, and the dis- 
tribution of hair upon the surface of his body ; yet 



Hn^lcdbyGoOglc 



AS APPLIED TO MAN. oi^ 

they both lead ua to the same conclusion — that some 
other power than Natural Selection has been engaged 
in his production, 

Fft ani Hw h of Mm, comle ed m Dc^c tUu^ on 
tin, Theojy of Natural Selection 

Tiieie ire a few other physical cliiiacteiistics of 
man, tint miy just he mentioned is offeiiug similar 
difficulties, thoufih I do not ittich thu same impcrtance 
to fhem as to thfse I hi^o alieily dwelt on The 
specialization and perfection of the hanJs and feet oi 
man seems difficult to account foi Throughout the 
whole of the quadrumana the foot is pieliensile, and t 
^ciy rigid selection must theiefore ha^e been needed 
to bring about that arrangement of the bines and 
mubcles, which has con\eitcd the thumb into x gieit 
toe, so completely, that the ptvici of fjposabihty is 
titallj lost in e(er} lace, whatever ''ome travelleis 
may vaguely assert to the contrary. It is difficult to 
see why the prehensile power should have been taken 
away. It must certainly have been useful in climb- 
ing, and the case of the baboons shows that it is c[uite 
compatible with terrestrial locomotion. It may not 
be compatible with perfectly easy erect locomotion; 
but, then, bow can we conceive that early man, as an 
animal, gained anything by purely erect locomotion? 
Again, the hand of man contains latent capacities 
and powers which are unused by savages, and must 
have been even less used by palasolithio man and his 
still ruder predecessors. It has all the appearance of 
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in orgin prepired for the use of civilized min, and 
one ivhicli wis required to render civilizition po=!si 
ble Apos nn!e httle uie of their sepir^te fingeis 
lud 01 p s ble thnmbs They ^''^'P fb]i.cta rudely 
and clumsih , and looL as if a iiiuoh less ipeo ili7ed 
estrt,iiiitj would have seried their puiposie is well 
I do not \\y much stress on this, but, if it be pio\ed 
thit =!ome intelligpnt power his Raided or deteimmed 
the development of mm, then wl, nny sei, indieafiona 
of thit power m facts which, by themselvei would 
not serve to proie its eiistenee 

JTie voice of man — The eime remark will apply 
to anotlier peouliaily hnman chaiictei, the wondei- 
fnl powi,!, ran^e, flesibilit}, and sweetness ot the 
muEicil sound? producible by the human hryn\, 
espeeiiUy in the frmile se-v The hibits of siM,^es 
give no mdicit in of how this faculty could ha'\e 
1 een dove! >ped by n iturjl '(election because it if 
never lequired or used by them The biUiTing of 
siviges is a more oi leas monjtonDus howhng, and 
the femiles seldjra sing at ill Savages certainly 
ne\er chfoae their wives for fine voics but foi lude 
health, ind strength, and phjaicil btinti Sexual 
selection could not theiefoie hue devclopod this won 
derful powei, wliich only comes into pHy imong 
civilized people It seems as if the organ hi 1 been 
prepared in antitipation of the futiue progress of man, 
smce it contains latent cipacifcies which iie useless 
to lum in his caiher cnnditmn The dfhcnte coneli 
tions of stiuctuie thvt gi\c it such marvJbus [owei-i. 
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could not tlierefore Lave been acquired by means oi' 
natural selection. 

The Origin of some of Man's Mental Faculties, hy tlie 
preservation of Useful Variations, not pos6tble. 

Turning t;> the mind of man, we meet with insmy 
difficulties in attempting to understand, how those 
mental faculties, which are especially human, could 
have been acquired by the preservation of useful 
variations. At first sight, it would seem that anoh 
feelings as those of ahbtract justice and benevolence 
eould never have been so acquired, because they are 
incompatible with the law of the strongest, which is 
the essence of natural selection. But this is, I think, 
an erroneous view, because we must look, not to indi- 
viduak but to societies ; and justice and benevolence, 
exercised towards members of the same tribe, would 
certainly tend to strengthen that tribe, and give it 
a snperiotity over another in w hich the right of the 
strongest prevailed, and where consoquontly the weali 
and the sieldy were left to perish, and the few strong 
ruthlessly destroyed the many who were weaker. 

But there is another class of human faculties that 
do not regard our fellow men, and which cannot, 
therefore, be thus accounted for. Snch are the capa- 
city to form idea! conceptions of space and time, of 
eternity and infinity — the capacity for intense artistic 
feelings of pleasure, in form, colour, and composition — 
and for those abstract notions of form and number 
whirjh rendi_i- !;ooraetry and arithmi"'ti'j pl,^^ible. How 
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were all or anj of these fiiculties first developed, when 
they could have been of no possible use to inaa in 
his early stages of barbarism ? How could " natural 
selection," or survival of the fittest in the struggle 
for existence, at all favour the development of mental 
powers so entirely removed from the material neces- 
sities of savage men, and which even now, with our 
comparatively high civilization, are, in tbeir farthest 
developments, in advance of the age, and appear to 
have relation rather to the futm-e of the race than 
to its actual status? 

Dffie Ity to tie J cf tie M I '^ e 
E-vactlythe nmedifliLultj iiiies wh n wc eileaiour 
to auLount foi the development of the moi'U sense oi 
c nsciun e m savage man foi ilthou^h the j i tiee of 
benevolence honesty or truth, ni'\y have been useful 
to the tribe jos^essmg tltce virtues thit dies not it 
nil tccomit for the peculiar f,an t tj ittached to iction* 
i^hich eich tiile consid is right ind mcnl as con 
trasttd nith the ^eiy diilerent feelings with i^hich 
they legai 1 whit is meiely nefiil The utihtman 
hypothesis (whch is the theory of natural selection 
ipjlied t the mind) ^eems imlequate to ic ount tor 
the development of the mora! sense. This subject has 
been recently much discussed, and I will here only 
give one example to illustrate my argument. The 
utilitarian sanction for truthfulness is by no means 
very powerful or universal. Few laws enforce it. No 
very severe reprobation follows untruthfulness. In all 
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ages and countries, ftlsehood has been thought allow- 
able in love, and laudable in wai- ; while, at the present 
day, it is held to be venial by the majority of mankind, 
in trade, commerce, and speculation. A certain amount 
of untruthfulness is a necessary pari; of politeness in 
the east and west alike, while even severe moralists 
have held a lie justifiable, to elude an enemy or prevent 
a crime. Such being the difficulties with which this 
virtue has had to struggle, with so many exceptions 
to ite practice, with so many instances in which it 
brought ruin or death to its too ardent de\'otee, how 
can we believe that considerations of utility could 
ever invest it with the mysterious sanctity of the 
highest virtue, — could ever induce men to value 
truth for its own sake, and practice it regardless of 
consequences ? 

Yet, it is a fact, that such a mystical sense of wrong 
does attach to untruthfulness, not only among the 
higher classes of civilized people, but among whole 
tribes of utter savages. Sir Walter Elliott t^lls us 
(in his paper " On the Characteristics of the Popula- 
tion of Central aiid Southern India," published in 
the Journal of the Ethnological Society of London, 
vol. i., p. 107) that the Kurubars and Santals, barbar- 
ous hilJ-tribes of Central India, are noted for veracity- 
It is a connnon saying that " a Kurubar always speaks 
the truth ; " and Major Jervis says, " the Santals are 
the most truthful men I ever met with." As a re- 
markable instance of this quality the following fact is 
given. A number of pi-isoners, taken during the 
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Santal insurrection, were allowed to go froe on par(;le5 
to work at a certain spot for wages. After some 
time cholera attacked thom and they wore obliged to 
leave, but every man of them returned and gave tip 
his earnings to the guard. Two hundred savages 
with money in their girdles, walked thirty miles back 
to prison rather than break their word I My own 
experience among savages has furnished me with 
similar, although less severely tested, instance-*; and 
we cannot avoid asking, how is it, that in these few 
cases "experiences of utility" have left such an over- 
whelming impression, while in so many others they 
have lefl none? The experiences of savage men as 
regards the utility of truth, must, in the long run, 
be pretty nearly equal. How is it, then, that in somo 
cases the result is a sanctity which overrides all con- 
siderations of personal advantage, while in others there 
is hardly a rudiment of such a feeling ? 

The intuitional theory, which I am now advocating, 
explams this by the supposition, that there is a feelmg — 
a sense of right and wrong — in our nature, antecedent 
to and independent of experiences of utility. "Where 
free play is allowed to the relations between man and 
man, this feeling attaches itself to those acta of uni- 
versal utility or self-sacrifice, which are the products 
of our affections and sympathies, and which we term 
moral; while it may be, and ofien is, perverted, to. 
give the same sanction to acts of narrow and con- 
ventional utility which are really immoral, — as when 
the Hindoo will tell a lie, but will sooner stan'e than 
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eat unclean food ; and looks upon the marriage of 
adult females aa gross immorality. 

Tlie strength of the moral feeling will depend upon 
individual or racial constitution, and on education 
and habit; — the acts to which its sanctions are applied, 
will depend upon how far the simple feelings and affec- 
tions of our nature, have been modified by cnstom. 
by law, or by reiii^on. 

It is dithcult to conceive th.it such an intense and 
mystical feeling of right and wrong, (so inten'^e as 
to overcome all ideas of personal advantage or utility), 
could liave been developed out of acciimulated ancestral 
experiences of utility ; and still more difficult to under- 
stand, how feelings developed by one set of utilities, 
could be transferred to acts of which the utility was 
partial, imaginary, or altogether absent. But if a 
moral sense is an essential part of our natnre, it is 
easy to see, that its sanction may often be given to 
acts which are useless or immoral ; just as the natural 
appetite for drink, is perverted by the drunkard into 
tlie means of his destruction. 

Summary of tlie Argument as to the Insufficwney of 

Natural SeUction to account for the Development of 

Man. 

Briefly to resume my argument — I have shown that 

the brain of the low^t savages, and, as far as we yet 

kuowj of the pre-historie races, is little inferior in size 

to that of the highest types of man, and immensely 

superior to that of the higher animals ; while it is 
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uajveraally admitted that quantity of brain is one of 
the most important, and probably the moat essential, of 
the elements which determine mental power. Yet the 
mental requirements of savages, and the faculties ac- 
tually exercised by them, are very little above those of 
animals. Tiio higher feelings of pure morality and re- 
fined emotion, and the power of abstract reasoning and 
ideal conception, are useless to them, are rarely if ever 
manifested, and have no important relations to their 
habits, wants, desires, or well-being. They possess a 
mental organ beyond their needs. Natural Selection 
could only have endowed savage naan with a brain a 
little superior to that of an ape, whereas he actually 
possesses ono very little infeiior to that of a philo- 
sopher. 

The soft, naked, sensitive skin of man, entirely free 
from that hairy covering which is so imiversal among 
other mammalia, cannot be explained on the theory of 
natural selection. The habits of savages show that 
they feel the want of this covering, which is moat com- 
pletely absent in man exactly where it is thickest in 
other animals. We have no reason whatever to be- 
lieve, that it could have been hurtful, or even useless to 
primitive man ; and, under these circumstances, its com- 
plete ibolition, "^hownbj its never reverting in mixed 
breeds, is t demonstntion of the agency of some other 
powei than the liw of the survival of the fittest, in the 
development of mtn fiom the lower animals. 

Othei ^.h^raet6ls show difficulties of a similar kind, 
though not peihips m an eyual degree. The structure 
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of the human foot and hand '?eem unnecessanly peifeet 
for the needs of si-iage rmn, m whom the-^ ire as 
Lompleti-ly ind as humanly developed as m the highest 
races The structure of tlie human larjnx giving the 
power of speech aud ot prodncing musical soundt, and 
e jeeiall-v it=i extreme development in the female sex, 
arc '^hown to be beyond the needs of ai^aties, and fiom 
then 1 nown hab ts, impossible to have been iccLKiied 
either hy seiual iclection, or by surviv il of the fittest 

The mind oi n an o&ers arguments in the same diiou 
tion, haidly less strong thin those derived from hia 
bodily sfru turt, A number of his mental faculties 
have no leht on to his fellow men oi to his m^toiial 
progress The powei of conceiving eternity anl m 
tinity, and all those puiely abstrict notions of form, 
number, and harmonj, which plij so laige a pait in 
the life of civdised laces, aie entiiely outside of the 
V, jild of thought of the savage, and ha\e no influence 
on his individual existence oi on that of his tribe 
They could not therefore, have been duvdoped by any 
preservat on of useful fort is of thought yet we find 
occasional traces of thom ami ht a low civilization, and 
it a time when the'^ could have 1 ad no pi ictic il effect 
on the '.uccess ot the mdividunl, the family, or the 
race, and tho development of a. moial sense or con 
s lenoe b^ similar means is equally mconceiv able 

But, on tie other hand, we finl that every one of 
these chiiacteriatica is necessary foi the full develop 
ment of human natuie The rapid progress of civi- 
hzation undei favour ^bk conliti n'* w ill n t be 
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possible, were not the organ of the mind of man pre- 
pared in advance, fully developed as regards size, 
strncture, and proportions, and only needing a few 
generations of use and habit to eo-ordinate its com- 
plex functions. The naked and sensitive skin, by 
necessitating clothing and houses, would lead to the 
more rapid development of man's inventive and con- 
structive faculties ; and, by leading to a more refined 
feeling of personal modesty, may have influenced, to a 
considerable extent, his moral nature. The erect form 
of man, by freeing the hands from al! locomotive uses, 
has been necessary for his intollcetual advancement; 
and the extreme perfection of his hands, has alone 
rendered possible that excellence in ail the arts of civili- 
zation which raises him so far above the savage, and 
is perhaps but the forerunner of a higher intellectual 
and moral advancement. The perfection of his vocal 
organs has first led to the formation of articulate 
speech, and then to the development of those exqui- 
sitely toned sonnds, which are only appreciated by the 
higher races, and which are probably destined for more 
elevated uses and more refined enjoyment, in a higher 
condition than we have yet attained to. So, those 
faculties which enable ns to transcend time and space, 
and to realize the wonderful conceptions of mathe- 
matics and philosophy, or which give us an intense 
yearning for abstract truth, (all of which were occasion- 
ally manifested at such an eai-ly period of human his- 
tory as to be far in advance of any of the few practical 
applications which have since grown out of thetn), are 
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evidently essential to the perfect development of man 
Ks a Bpiritual being, but are utterly inconceivable aa 
having been produced through the action of a law 
which looks only, and can look only, to the immediate 
material welfare of the individual or the race. 

The inference I would draw from this class of phe- 
nomena is, that a superior intelligence has guided the 
development of man in a definite direction, and for a 
special purpose, just as man guides the development of 
many animal and vegetable forms. The laws of evolu- 
tion alone would, perhaps, never have produced a grain 
so well adapted to man's use as wheat and maize ; such 
fruits aa the seedless banana and bread-fruit ; or such 
animals as the Guernsey milch cow, or the London 
dray-horse. Yet these so closely resemble the unaided 
productions of nature, that we may well imagine a 
being who had mastered the laws of development of or- 
ganic forms through past ages, refusing to believe that 
any new power had been concerned in their produc- 
tion, and scornfully rejecting the tlieory (as my theory 
will be rejected by many who agree with me on other 
points), that in these few cases a controlling intelli- 
gence had directed the action of the laws of variation, 
multiplication, and survival, for his own purposes. We 
know, however, that this has been done ; and we must 
therefore admit the possibility that, if we are not tlie 
highest intelligences in the universe, some higher intel- 
ligence may have directed the process by which the 
human race was developed, by means of more subtle 
i than we are acijuainted with. At the same 
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time I mnst confess, that this theory has the AkiA\ lu- 
tage of requiring the mtervont on of some distinct mili- 
vidual intelligence, to nid in the production of what we 
can hardly avoid considermp, i^ the ultimate ana and 
outcome of all organized existence — intellectual, ei er- 
advancing, spiritual man It theiefore imjhes, that 
the great laws which go-vein the material unn erse were 
insniSeient foi hii production, unless we con&i ler (as 
we may fairly do) that the controlling action ot such 
higher intelligences id a necessiiy part of those laws, 
just as tlie act on of "ill surionndiUp, or£,anisms is one of 
the agencies m organic de\ elopment But even i£ my 
particular view should not be the true om,, tlie difficul- 
ties I have put forwaid lemam, and I tlnnk piove, that 
some more generi! anl more tuiidameiital Kw under- 
lies that of " natnril sele t on The hw of ' uncon- 
scious intelligence pervading all organic natuie, jut 
forth by Dr. Laycock ind adopted by Mi Muifhy, is 
such a law; but to my mind it has the drable diaad- 
vantagG k)f leng both unmtelhgible and incapable of 
any kind of pio i It is moie piobable, that the true 
law lies too deep tor us to discover it but theie seems 
to me, to be ami I*' indications that s ich a law does 
exist, und is probably connected with the absolute ori- 
gin of hfe and organization (Ao e A ) 

Tlie OiiQin of Co/saoisness 
The question of the oiigm of sensation and of thought 
can be but brieflv diicus ed m th s place ^ince it is a 
subject wide en u"h to ie(ure a scjant volume for 
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its proper treatment. No physiologist or pliilosopher 
has yet ventured to propound an intelligible theory, of 
how sensation may possibly be a product of organiza- 
tion ; while many have declared the passage from niat^ 
ter to mind to bo inconceivable. In hie presidential 
address to the Physical Seetion of the British Associa- 
tion at Norwich, in 1868, Professor Tyndall expressed 
himself as follows :— 

"The passage from the physics of the bruin to the 
corresponding facts of consciousness is untliinkable. 
Granted that a definite thought, and a definite mole- 
cular action in the brain occur simultaneously, we do 
not possess the intellectual organ, nor apparently any 
rudiment of the organ, which would enable us to pass 
by a process of reasoning from the one phenomenon 
to the other. They appear together, but wo do not 
know why. "Were our minds and senses bo expanded, 
strengthened, and illuminated as to enable us to see and 
feel the very molecules of the brain ; were we capable 
of following all their motions, all their groupings, all 
their electric discharges, if such there bo, and were we 
intimately acquainted with the corresponding states of 
thought and feeling, we should be as far as ever from 
the solution of the problem, 'How ai-e these physical 
processes connected with the facts of consciousness ? ' 
The chasm between the two classes of phenomena would 
still remain intellectually impassable." 

In his latest work("An Introduction to the Classifica- 
tion of Animals,") published in 1869, Professor Huxley 
unhesitatingly adopts the "well founded doctrine, that 
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lifo is the cause and not the conaequenee of organiza- 
tion." In his celebrated article " On the Physical 
Basis of Life," however, he maintains, that life is a 
property of protoplasm, and that protoplasm owes its 
properties to the nature and disposition of its molecules. 
Hence he term? it "the mitter of life, and believe'* 
that all the phjsicil properties of oi^inized beings aie 
due to the ph^'-icil ptoperties of piotopUam So far 
we might, peihips, follow him hut he d)ei5 not stop 
here. He proceeds to budge oier that chism which 
Professor T\nilall has declared to be "intellectually 
impassable, " "ind, bj me^ns which he atites to be 
logical, arrives at the conclusion, that our " (hoitghts 
are the exp7c swn of -molecular changes %n that matter 
of life which ts the source of out otlu.} ii'al phenomena " 
Not having been able to find any due m Professor 
Huxley's writmgi, to the <itep<( by which he passes from 
those vital phenomeni, which consist only, in then 
last analysis, of movements of paiticles of mittei, to 
those other phenomena which wo term thought, sensa- 
tion, or consciousness, but, knowing that so po'-itne an 
expression of opinion fiom hira will hv^e gieit weight 
with many persons, I slnll endeivour to show, i^ith as 
much brevity is is compatible with cleimess, that this 
theory is not onlj incapable of proof, but is j.lso, is it 
appears to me, mconaiatent with nccui ite conceptions ot 
molecular ph> aico To do this, 'md in ordei further to 
develop my \iews, I 'shill hive to givo a biief sketch 
of the most recent spcfuhtions ind diaco^ cries, as to 
the ultimate natuie ind coiiatitution tf niittei 
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The Nature of Matter. 
It lias been long seen by the best thinkers on the 
subject, that atoms, — considered as minute solid bodies 
from which emanate the attractive and repulsive forces 
which give what we term matter its properties, — could 
serve no purpose whatever ; since it is universally 
admitted that the supposed atoms never touch each 
other, and it cannot be conceived that these homo- 
geneous, indivisible, solid units, are themselves the 
ultimate cause of the forces that emanate from their 
centres. As, therefore, none of the properties of matter 
can be due to the atoms themselves, but only to the 
forces which emanate from the points in space indi- 
cated by the atomic centres, it is logical continually 
to diminish their size till they vanish, leaving only 
localized centres of force to represent them. Of the 
various attempts that have been made to show how 
the properties of matter may be due to such modified 
atoms (considered as mere centres of force), the most 
successful, because the simplest and the most logical, is 
that of Mr. Bayma, who, in his " Molecular Mechanics," 
has demonstrated how, from the simple assumption of 
such centres having attractive and repulsive forces 
(both varying according to the same law of the in- 
verse squares as gravitation), and by grouping them in 
symmetrical figures, consisting of a repulsive centre, an 
attractive nucleus, and one or more repulsive envelopes, 
we may explain all the general properties of matter ; 
and, by more and more complex arrangomcnts, even 
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the special chemical, electrical, and magnetic properties 
of special forms of matter.* Each chemical dement 
will thus consist of a molecule formed of simple atoms, 
{or as Mr. Bajma terms them to avoid confusion, 
" material elements ") in greater or less number and 
of more or less complex arrangement ; which molecale 
is in stable equilibrinm, bnt liable to be changed in 
form by the attractive or repulsive influences of differ- 
ently constituted molecules, constituting the phenomena 
of chemical combination, and resulting in new forms 
of molecule of greater complexity and more or less 
stability. 

Those organic compounds of which organized beings 
are bnilt up, consist, as is well known, of matter of an 
extreme complexity and great instability ; whence re- 
sult the changes of form to which it is continually 
subject. This view enables us to comprehend the possi- 
bility, of the phenomena of vegetative life being due to 

* Mr. Baymafs work, entitled " The Elements of Molecular 
Medianics," was publislied in 1866, and has received leaa 
attention Uian it deserves. It ia cliai-acterised by great 
luoidity, by logical airangemeat, and by comparatively simple 
geometrical and algebraical demonstrations, so that it may 
be nadei'stood aud appreciated with a very moderate know- 
ledge of mathematics. It consists of a series of Propositions, 
dednced from the known properties of matter; from these 
are derived a number of Theorems, by whoso help the more 
complicated Problems .are solved. ITothiag is taken for 
granted throughont the work, and the only valid mode of 
escaping from its conclusions ia, by either disproving the 
fandamental Propositions, or by detecting fallacies in the 
subsequent reasoning. 
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an almost infinite complexity of molecular combinations, 
subject to definite changes under the stimuli of heat, 
moistnxe, light, electricity, and probably some unknown 
forces. But this greater and greater complexity, even 
if carried to an infinite extent, cannot, of itself, have 
the slightest tendency to originate consciousness in such 
molecules or groups of molecules. If a material ele- 
ment, or a combination of a thousand material elements 
in a molecule, aro alike unconscious, it is impossible 
for us to believe, that the mere addition of one, two, 
or a thousand other material elements to form a more 
complex molecule, could in any way tend to produce 
a self-conscious existence. The things arc radically 
distinct. To say that mind is a product or function 
of protoplasm, or of its molecular changes, is to use 
words to which wc can attach no clear conception. 
You cannot have, in the whole, what does not exist 
in any of the parts ; and those who argue thus should 
put forth a definite conception of matter, with clearly 
enunciated properties, and show, that the necessary 
result of a certain complex arrangement of the ele- 
ments or atoms of that matter, wiD be the production 
of self- consciousness. There is no escape from this 
dilemma, — either all matter is conscious, or conscious- 
ness is something distinct from matter, and in the 
latter ease, its presence in material forme is a proof 
of the existence of conscious beings, outside of, and 
independent of, what we term matter. (Note B,) 

Matter i^ Force. — The foregoing considerations lead 
us to the very important conclusion, that matter is 
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essentially force, and nothing but force ; that matter, 
as popularly understood, does not exist, and is, ia fact, 
philosophically inconceivable. When we touch matter, 
we only really experience sensations f t n e n 
plying repulsive force; and no o the e e 

such apparently solid proofs of the real ty f m tt r s 
touch dues. This conclusion, if kept tanfcly i e ent 
in the mind, will be found to have n top rtii t 
bearing on almost every high scient fi a 1 ph 1 
phical problem, and especially on ulasrlt to u 
own conscious existence- 

AU Force is pvohably Will-Force. — If we are satis- 
fied that force or forces are all that exist in the ma- 
terial universe, we are next led to enquire what is 
force ? We are acquainted with two radically distinct 
or apparently distinct kinds of force — the first eonnists 
of the primary forces of nature, such as gravitation, 
cohesion, repulsion, heat, electricity, &c. ; the second is 
our own will-force. Many persons will at once deny 
that the latter exists. It will be said, that it is a mere 
transformation of the primary forces before alluded to ; 
that the correlation of forces includes those of animal 
life, and that mil itself is but the result of molecular 
change in the brain. I think, however, that it can 
be shown, that this latter a=!sertion has neither been 
proved, nor even been proved to be possible; and 
that in making it, a great leap in the dark has 
been taken from the known to the unknown. It 
may be at once admitted that the mii'icular force 
of animals and men, is merely the transformed energy 
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derived from the primary forces of nature. So much 
has been, if not rigidly proved, yet rendered Jiigldj" 
probable, and it is in perfect accordance with all 
our Isnowledgo of natural forces and natural laws. 
But it cannot be contended that the phyaiologiea! 
balance-sheet has ever been so accurately atruch, that 
we aro entitled to say, not one-thousandth part of a 
gi-ain more of force has been exerted by any organized 
body or in any part of it, than has been derived from 
the known primary forces of the material world. If 
that were so, it would absolutely negative the existence 
of will ; for if will is anything, it is a power that directs 
the action of the forces stored up in the body, and it 
is not conceivable that this direction can take place, 
without the exercise of some force in somo part of the 
organism. However delicately a machine may be con- 
structed, with the most exquisitely contrived detents 
to release a weight or spring by the exertion of the 
smallest possible amount of force, some external force 
will alway? be required ; so, in the animal machine, how- 
ever minute may be the changes required in the cells or 
fibres of the brain, to set in motion the nerve currents 
which loosen or excite the pent up forces of certain 
muscles, some fuice must be required to effect those 
changes. If it is said, "those changes are automatic, 
and are set in motion by external causes," then one 
essential part of our consciousness, a certain amount 
of freedom in billing, is annihilated; and it is incon- 
ceivable how or why there should have arisen any 
any apparent will, in such purely 
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automatic organiams. If this were so, our apparent 
WILL would be a delusion, and Professor Huxley's be- 
lief — " that our volition counts for something as a con- 
dition of the eoursG of events," would bo fallacious, 
since our volition would then be but one link in the 
chain of events, counting for neither more nor less 
than any other link whatever. 

If, therefore, we have traced one force, however mi- 
nute, to an origin in our own WILL, while we have no 
knowledge of any other primary cause of force, it docs 
not seem an improbable conclusion that all force may 
be will-force ; and thus, that the whole universe, is not 
merely dependent on, but actuaOy is, the will of higher 
intelligences or of one Supreme Intelligence. It has 
been often said that' the true poet is a seer ; and in the 
noble verse of an American poetess, we find expressed, 
what may prove to be tho highest fact of science, tlie 
noblest truth of philosophy : 

God of the Granite and the Rose ! 

Soul of the Sparrow and the Bee! 
The mighty tide of Being flowa 

Through cotmtlesa channels, Lord, from thee, 
It leaps to life in grass and flowers, 

TliTOTigh every grade of being runs. 
While from Creation's i-adiant towers 

Its glory flames in Stars and Suns, 

Conclusion. 

These speculations are usnaliy held to be far beyond 

the bounds of science ; but they appear to me to be 

more legitimate deductions from the facts of science, 
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than thoso which consist in reduciog the whole v 
not merely to matter, but to matter conceived and 
defined so as to be philosophically inconceivable. It 
ia snrely a great step in advance, to get rid of the 
notion that matter is a thing of itself, which can exist 
per se, and must have been eternal, since it is supposed 
to be indestructible and uncreated, — tbat force, or the 
forces of nature, arc another thing, given or added to 
matter, or else its necessary properties, — and that 
mind is yet another thing, either a product of this 
matter and its supposed inherent forces, or distinct 
from and co-existent with it ; — and to bo able to sub- 
stitute for this complicated theory, which leads to 
endless dilemmas and contradictious, the far simpler 
and more consistent belief, that matter, as an entity 
distinct from force, does not exist ; and that force 
is a product of MISD. Philosophy had long demon- 
strated our incapacity to prove the existence ot matter, 
as usually conceived ; while it admitted tlie demon- 
stration to each of us of our own self-conscious, ideal 
existence. Science has now worked its way up to 
the same result, and this agreement between them 
should give us some confidence in their combined 
teaching. 

The view we have now arrived at seems to me 
more grand and sublime, as well as far simpler, than 
any other. It exhibits the universe, as a universe 
of intelligence and wiil-power ; and by enabling us to 
rid ourselves of the impossibility of thinking ot mind, 
but as connected with our old notions of matter, 
2 B 
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opens up infinite po^sibiiitie? of e\isteiice, connected 
with infinitely -vaned mimfestations of foice, totally- 
distinct from, jet as leil as, whit we term mitf«r 

The gi-ind law of continuity which we see peivadmg 
oui nnneise, would lead us to infer infanite giidations 
ot existence, nnd to people ill sp'w;e with intelligence 
and will-powor, md, if bo, we hi\e no diflicalty m 
believing that tor so noble a puipose is the picgrcbsive 
development of higher and highoi intelhgences, those 
primal and geneial will-foices, which hi\e sufficed 
for the pi eduction of the lower inimtls, should ha\e 
been guided into new chiimels and made to converge 
m dehmtp diiections And if, as seems to me piobible, 
this hia been done, I cinnot idmit thit it m iny 
decree aflects the tinth oi geneiihtyof Mr Dirwin's 
£^eat discovery It merely shows, that the liws of 
organic development ha^e been occisicnilly used for 
1 special end, just as man u^es them tor his speeiil 
ends , an 1, I do not see that the Uw of ' mturtl 
selection can be Hiid to be disproved, if it cm be 
thown th'it mtn dies not owe his entiie phjaicil and 
mental development to its unaided action, nny moie 
than it IS li&pro^od by the existence of the poodle 
or the poutci pigeon, the production of which miy 
have been iriuolly beyond its undiiected power 

The objeitions which m this essiy I haio taten, to 
tlieiiew, — thit the same law which appeals to have 
suihced foi the development of inimals, has been lione 
the cinse of man s superior phjsical and mental nature, 
— will, I huf- no doubt, he o^ei uled anl e\jhmed 
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away. But I venture to tliink they will nevertheless 
maintain tlieir ground, and that thoy can only be 
met by the discovery of new facts or new laws, of 
a natnre very different from any yet known to ue. 
I can only hope that my treatment of the subject, 
thongh neceasariiy veiy meagre, has been clear and 
intelligible ; and tJiat it may prove suggestive, both 
to the opponents and to the npholdcrs of the theory 
of Natural Selection. 
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NOTE A. {Ptige GSO,; 

Some of my critics seem quite to have misitndorstood luy 
meaning in this part of the argument. They liave acouacil 
me of unnecessarily and imphilosophieally appealing to " first 
cawaes " in order to get over a difficulty— of believing that 
"oar brajns are made by God and our lungs by natural 
selection ; " and that, in point of fact, " man is God's domesiac 
animal." An eminent French critic, M. Olaparede, mates me 
continually call in the aid of — "ime Force sup^eure," the 
capital F, meaning I imagine that this "higher Force " ia iihe 
Deity. I can only esplain this misconception by the in- 
capacity of the modem cultivated mind to realise the esistenca 
of any higher intelligence between itaelf and Deity. Angels 
and archangels, spirits and demons, have been so long ban- 
ished from our belief as to have become actually unthinkable 
as actual exietenoes, and nothing in modern philosophy takes 
their place. Yet the grand law of " continitity," the last 
outcome of modem science, which seems absolute throughout 
the realms of matter, force, and mind, so far aa we can 
explore them, cannot sm-ely fail to be true beyond the narrow 
sphere of our vision, and leave an infinite chasm between 
man and the Great Mind of the universe. Such a supposition 
seems to me in the highest degree improbable. 

Fow, in refen'iug to the origin of man, and its possible 
determining causes, I have used the words " some other 
power " — " some intell^ent power " — " a superior intelli- 
gence" — "a controlling intelligence," and only itt reference 
to the or^in of universal forc^ and la-ws have I spoken of 
the will or power of " one Supreme Intelligence." These are 
the only expressiouE I have used in alluding to the power 
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whicli 1 believe has acted in tie case of man, and tliey wove 
piapoaely chosea to bIiow, tkat I reject the hypothesis oi 
"flxet cauBCa" for any and every upeoial effect in. the uni- 
verse, except ui the same eense that the action of man or 
of any other intelligent being is a, first canse. In using 
aucli terma I wished to show plainly, that I contemplated 
the poasibility that the development of the essentially human 
portions of man's structure and intellect may have teen 
determined by the directing influence of some higher intel- 
ligent beings, acting throngli natural and universal laws. 
A belief of this nature may or may not have a foundation, 
but it is an intelligible theory, and is not, in its witure, 
incapable of proof ; and it rests on facta and arguments of 
an exactly similar kind to those, ■which would enable a 
Biiffleicntly powerful intellect to deduce, from the existence 
oa the earth of cultivated plants and domestic animals, tiie 
presence of some intelligent being of a higher nature than 
themselves. 

NOTE B. (Fiige- 365.) 
A friend has suggested that I bave not heve explained 
myself sufficiently, and objects, that life does not exist in 
matter any more than consBtOMSHess, and if the one can be 
produced by the laws of matter, why may not the other ? I 
reply, that there is a radical difference between the two. 
Organic or v^etative life consists essentially in chemical 
transformations and molecular motions, occurring under 
certain conditions and in a certain order. The matter, and 
the forces which act upon it, are for the most part known ,■ 
and if there are any forces engaged in the manifesta- 
tion of vegetative life yet undiscovered (which is a moot 
question), we can conceive them aa analogona to such forces 
as heat, electricity, or chemical affinity, with which we are 
already acijuaintei We can thus clearly concewe of the 
transition from dead matter to living matter. A complex 
mass which suffers decomposition or decay is dead, but if 
this mass has the power of attracting to itself, from the 
Burronnding medium, matter like that of which it is com- 
posed, we have the first rudiment of vegetative life. If the 
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mass can do this for a considerable time, and if its absorp- 
tion, of new matter more tlian replaces that lost hj decom- 
position, and a it is of eueh a nature as to resist the 
mechanical or chemical forces to which it is usually exposed, 
and to retain a tolerably constant form, we term it a Kving 
organism, "We can coneeive an organism to be so con- 
stituted, and we can further conceive that any fra^enta, 
which may be accidentally broken from it, or which may fall 
away when its hulk has become too great for the cohesion 
of all its parts, may begin to increase anew and ran the same 
course as the parent mass. This is growth and reproduction 
in their simplest forms ; and from such a simple beginning 
it is possible to conceive a series of slight modifications of 
composition, and of internal and external forces, which should 
ultimately lead to the development of more complex or- 
ganisms. The LIFE of sach an organism may, perhaps, be 
nothing added to it, but merely the name we give to the 
result of a balance of internal and external forces in main- 
taining the permanence of the form and stinictvire of the 
individuaL The simplest conceivable form of such life would 
be the dewdrop, which owes its esistenee to the balance 
between the condensation of aqueous vapour in the atmo- 
sphere and the evaporation of its substance. If either is in 
excess, it soon ceases to maintain an individual existence. I 
do not maintain that vegetative life is wholly due to such a 
complex balance of forces, but only that it is eonceivMe as 

With cONSOiOuaNBsg the case is very different. Its 
phenomena are not comparable with those of any kind of 
rrutUer subjected to any of the known or conceivable forces of 
nature; and we cannot conceive a gradual transition fi'om 
absolute unconsoiousness to consciousness, from an un- 
sentient organism to a sentient being. The merest rudiment 
of sensation or self- consciousness is infinitely removed from 
absolutely non-sentient or unconscious matter. We can con- 
ceive of no physical addition to, or modification of, an un- 
»ss which should create oonsciousness ; no step 
i of changes organised matter may undergo. 
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wtich should bring in senaafcion where there was no sensa- 
tion or power of sensation at the preceding step. It is 
because the things arc utterly incomparable and inoom- 
niensurablc that we can. only conceive of sensoiiiya, coining 
to matter from, without, while Ufe may be conceived as 
merely a specific combination and co-ordination of the matter 
and the forces that compose the universe, and with which 
■we are separately acc[nainted. We may admit with Professor 
Huxley that protoplasm, is the " matter of life " and the (.ause 
of organisation, but wo cannot admit or conceive that yru- 
(opiosw is the primary source of sensation and consciousness, 
or that it can ever of itself become coH'cioMs in the same 
way as we may perhaps conceive that it may become alive. 
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jfeaipUef pUeatiis, 107. 
AcBMiDM, the subjects of mimiery, 



Aeiimr/cta psi, protective colouring 



Akoplothebiom, 299. 

AbtHKieiBs, miaiicrj of, 81; di- 
morpiiati in, 155. 

AnthvoaeraJU.vpeiid'aliS, 120. 

AKinnoFOtoaisTe, wide difference 
of opinion, among, as to origin 
of human races, 304; conBiot- 
ing tiewfl of, barmonized, 321. 

Antkiuity of mail, S03, 333. 

ApiTiius, 98. 

AppwiBST eioeptiona to law of co- 
lour and nidiliisition, 253. 







enciant animiOa, 301. 




Agnia fasciaia, iuinica another 


AHcnEDOSACRua, 300. 


Longioom, 95, 


AncniioFTEBrK, 300. 


JgrurpU (^rUiisa, protective colour- 


Aeciiitecture of moat nations de- 


ing of, 62. 


rivaUve, 238; Srecian, false in 


Alckdimid*, sesual colouring and 


principle, 226. 


mdifioaHon of, 240. 


AkCTIO animals, white colour of, 


Amadika. Boiual colouring and ni- 


60, 61. 


dification of, 243. 


AbosIil, Duke of, on colours of 


AuFELin^, sexual colouring and 


Woodooot,53; on mind in na- 




ture, 265; criticism on Darwin's 


AKCVLOTnERIUM, 300. 


worts, 269 ; on humming birda 




282; on creation bj birth, 287. 




AsiLUB, 97. 


fertilization by a large moth, 




275. 


man's development, 317. 



Aniuals, senses and faculties of, 
127 ; intellect of, compared with 
that of savages, 341. 

AmsocERiii*;, 93. 

Anoa, !90. 



BABIRtrSA, 196. 
EsLAKCE in nature, 42. 
BAnRiNGTON, Hon. Daini 
of birds, 220. 
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Basiiorkis, 19S, 
Batbs, Mr., first 



n Leptaiisand Heliconidse, 82; 
his paper esplaining the tlieocy 



objeetic 
on variation, 
Lgration of 



of mimicry, 
Hb theory, lOS 
165 ; on recent 
Amnzonian Indians, 214. 
Batma, Mr., on "Molecular Ma- 

clianica," 363, 364. 
Beiuty in nature, 232; not uni- 
Tersal, 284; of flowers useful to 
them, 2S5; not given lor ita own 
sate, 285. 
Birds, possible rapid inoreaae of, 
29 ; numbers t^t die annually, 
30 ; mimicry among, 103 ; dull 
colour of femalee, 114; nidi- 
ficatjon as aSecting colour of 
females, 116 ; refusing the 
gooseberry caterpillar, 119 ; the 
higiieat in rank and organiza. 
lion, 137 ; dimorphiem in, 155 ; 
wby peculiar nest built by eaoli 
species, 215-319; build more per- 
fect nests as they grow oUer, 
224, 227; alter and improve 
their neste, 226 ; sexual differ- 
enoee of colour in, 239. 
Smiihus kariorma, 90. 
Boiiibi/eiUa gamda, eoloura and 
nidification of, 255. 

BONBYLIUS, 98. 

Brain of the eavsge but sligMIy 
leas than that of civilized man, 
336 ; fliie of, aa important ele- 
ment of mental power, 335 ; of 
savage races larger than their 
needs require, 338, 343 ; of man 



and of anthropoid apes com- 

Eroca, Professor Paul, on the fine 

crania of the cave men, 337. 
Brj/opMa glartdifera and B. feda 

proteetivoly coloured, 63. 
BnciiRonnJi, sexual ooloaring and 

nidifioaljon of, 241. 
BuccoMiD^, eesnal colouring and 

nidifloalion of, 241. 
Bura-Tip motb, reaemblea a broken 

BuitniNQS of various races do not 
change, 213. 

BuPHBSTin*!, resembling bird's 
dung, 57; similar colours in 
two aeies, 114. 

Butterflies, value of, in studying 
" natural selection," 131 ; varie- 
ties of, in Sardinia and Isle of 
Mim, 178. 

CACIA anaiibMm, 94. 

CaUiiona aeesia, protective colour- 
ing of, 59. 

CAioRBia, 239. 

OArrroNiD^, sexual oolouring and 
nidification of, 241. 

CapttoUfitima siggiam, 94. 

Caiiaiid£, special protection 
among, 72; similar colouring 
of two seies, 114. 

Cassidie, resemble dew drops, 58. 

Cateefillaiib, mimioJiing a poi- 
Bonous snake, 99 ; gaudy co- 
lours of, 117 ; various modaa of 
protecdon of, 118; gooseberry 
caterpillar, 119 ; Mr. Jenner 
Weir's observations on, 119; 
Mr. A. O. Butlci''e observations 
on, 121. 
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Celebes, local modifications of 
form, ill, 170 ; probable oausfl of 
tlieae, 176; renmrkable zoolo- 
gical peculiaiitieB of, 195-199. 

Centbofub, seztial colouring and 
nidification of, 242. 

CeroxgUis lacerattis, imitatofl a 

moBs-covered atick, 64. 
Cbbtbiola, sexu^ colouring and 

nidificaljon of, 344. 
Cdhi>sia aoU, 172 ; hiUis, 172. 
GBTONiiD*;, tow protected, 73 ; 
similar colours of two sesos, 
114. 
CBTnopsis, 196. 
Charis iselifona, 96. 
Chematobia, wintry coloure of this 

genus, 62. 
CMmKys pSiiia, roeemMes dung of 

caterpillars, 58. 
CiiBi'BiDiDfi, how protected, 72. 
Chbyboueiid^g, similar colouring 

of two Bcies, 114. 
OiciiiiiEi.i, adtipUie eolour of va- 
rious apedes of, 57. 
GSix eimpTessa, resembles bird's 

dung, 63. 
Cladobates, mimicking squirrels, 

107. 
CiiAsSlPIOATtCK, form of true, 6 ; 
circular, inadmisaiUe, 8 ; quina- 
rian and circular, of Swainaon, 
46; argument from, against 
Mr. Darwin, 205. 
Climawebis, aesuat colouring and 

nidiflcatioii of, 243. 
CocciMBLLins, how protected, 73; 
similar colouring of acies, 114. 
CoBUSTjna tarietie?, Ii39. 
Ci^li/rodea laoordairei, 95, 



Colour, in animals, popular tbco- 
riee of, 47; frequent yariations 
of, in domeatdcatod animals, 43; 
influenued by need of oonoelil- 
ment 49 m deserts. 49, 50 ; 
in Arctic regions, 50, 51 ; noc- 
turnal, 51 , tiopical, 52 ; special 
modificntiona of, 53; different 
diatnbutinn of, in buttarfliea 
and moths, 58 ; of autumnal 
and winter moths, 63 white, 
generally dangerous and iiiare- 
foia eluQinated, 66 why it 
Eiist' ao flfamidantlr although 
often mjunoue 69 , influenced 
by need of protection 113; of 
female birds 114, m relation to 
nidiiicatioQot birds, 116; gaudy 
colours of many caterpillars, 
117; in nature, general caiAaea 
of, 126; locil variations of, 
173; seiual differences of, in 
birds, 239 ; in female birds, how 
connected with their nidifica- 
tion, 210, 246; more variablo 
than structure or habits, and 
therefore more easilj modified, 
249 ; of flowers, as explained bj 
Mr. Darwin, 262 ; often corre- 
lafod with diaesae, 316. 

COMPSOONATHITS, 300. 

C<md;/t(ideTa trUmidylMdes, 97. 
OonaciousBESS, origin of, 360; 

Professor Tyndall on, 361 ; not 

a product of complex 



CoBREtATlOK Of grOWth, 310. 

Caryaemal'iis sp., 92, 

CoTiKaiD:E, sesmd colouring and 

nidifloation of, 244. 
Cmtoeqmus, a hard weuvil, 94, 
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Chickets c 



licMng eani "n 



Domesticated animnls, tbeic ea 
a wild 



Cryptodontia, 299. 

CkcuUia iierbasoi, 120. 

CuRCCLioHroa, often protented bj 
hard cOTflcirig, 71 ; aimilar co- 
lours of two Beles, 114. 

Cmiera eqaamata, 258. 

Cgalopepltta baiesii, 92. 

CYBOPiTHEcna, 19S. 

DANAID^, tJie aubjeots of miiui- 
crj, 85, 80. 

San/ds er^pas, 88; ehr^si^Ka, 
112; sobriaa, 179; a^^ia, 179; 
f^a, 180. 

Darwih, Mr., bis prinoiple ot uti- 
lity, 47 ; on. oause of colour in 
flowers, 127, 262; on ocJoura of 
caterpillars, 118; on seiiml co- 
louration, SGO ; hia metapliors 
liable to misconcepljon, 269; 
criticiani of, in Ifoi-th British 
Beviea, 291. 

Beseet animals, coIoutb of, 49, 50, 

DiADEiiA, species of, mimio Daiiai- 
diB, 83, 87: female with njide 
colouration, 112. 

Diadema misippus, 112; i>. ano- 
mala, 113, 

JHaphora Tnendioa, 89. 

DlCNYOBOKTU, 299. 

DicEouttDS, 253. 
Siioba e/Braleocephala, 120. 
DmoEPHisji, 146; inbeatlfls, 155; 
in birds, 155; iUustratad, 167. 

DlNOSADHIA, 298. 

DiFTEBA mimicking waspB and 

bees, 97. 
Doliojys cuTCuliomdos, 94. 



tid 
38-41. 

DOITBRBLL. 251. 

Dkusilla, mimickeci bj tliri 

nera, 181, 
BrimiUa bieatilata, 180. 
DvTTSoirs, (limoi'plii 



155. 



EG-TPTIAN acohiteoture, intro- 
duced, 225. 
Flaps faMas, E. coralUnits, E. lent- 

niscaiaa, 101 ; E, mipariittis, S. 

leraitiecatiia, E. Jiemip-ishii, 102, 
Enodes, 193. 
EifRouns, autumnal coloui'B of tJiia 

genus, 62. 
Eoafascata, dimorphisni of, 155. 
Equits, 299. 

Erottia tritaa, 172 ; Valeria, 173. 
Ei-oschema potoeri, 93. 
EttYciNiD.« minaio Heliconidce, 84. 
Ergth-apLatis eoi-allifffr, 92. 
BsTOBLDA, sexual coloBnng and 

nidiSoation of, 243. 
EucBEMiDS, mimidting a Malaeo- 

derm, 93. 
Eudrontias iiioriaeU'tts, 251. 
ISiiglossa dimidtata, 98. 
EuMORPHiDiE, a protected gronp, 

72 ; imitated by Longiooms, 92. 
luPLiB*, local roodifloations of eo- 

loar in, 173, 
Euplaa wsdaams, 87-113, 179 ; 

B. Thixdamanthus, 87, 179. 
Eurhinia megaloniee, 172 ; pali/- 



e, !72. 






eeiuiil colouring and 
nidiflcation of, 243. 
.trmcT animals, intermediate 
forjus of, 298. 
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Ektinction of lowei' !■; 



'.s, 318. 



FEMAIiE birds, colours of, 114; 
Bometimes conneoted wift their 
mode of nidification, 240 ; more 
exposed to enemies tlinn tbo 
males, 248. 

Fbh JLB . bntterfliea genetallj dull- 
coloured, 259. 

I'emaJiB inasctB, mimiory by, 110, 
259; colours of, il3. 

Fe)[ale eeSi Ims no incupacitf for 
as brilliant colouration as tii9 
male, 247 ; in some grOHps re- 
quiros more protection tliao ibe 
male, 2i)S. 

FiSHEB, protective oolouring of, 55. 

FissiaoeTBAi. bird?, neets of, 288. 

Plowers, cftuaea ot colour in, 127. 

FLYCiTOHEBS, genera of, absent 
from Celebes, 177. 

PoRBBS, Edwuid, objections to bis 
theory of Polarity, 17-33. 

Force is probably all WiU-Eorce, 



GALAPAGOS, 10. 

Gai/ton, Mr., on range of intellec- 
tual power, 3.^9. 

Gamocephala, 298. 

Gaairopaoha qnsrei, protective co- 
lour and form of, 62. 

GiositT, M., on fossil majnionts of 
Greece, 299. 

Gboohafhicsl diEtj'ibution, i 
pendent on geologic changes, 
its agceement witb law of 
troduction of new epacles, 
of nllied epeeioa and groups, 

iL distribution analogous 
bieal, JB. 



Eoiosv, facte proved by, 3-5. 
GtiiiFFE, bow it acquired its long 

neck, 42. 
Glsa., autumnij. colours of this 

genua, 62. 
Gould, Mr., on seiuiJ plumage of 
Gray Pbalarope, 115 ; on incu- 
bation ir/ male Dotterell, 115. 
Grrdlina austndis, 254, 
Geeen birfis ^moat confined to 

the tropics, 52. 
Gi/mtiKcems cratosoituiides, 94. 
Gpimooennis paptunmie, 96. 
Gz/jimcBBivus djUcissimus, 97. 
GucrnEH, Dr., on arboreal snakes, 
55; on colouring of snakes, 102. 
Gynmria dime, 69. 

HABITS, often persistent when 
nso ot them bus ceased, 234; of 
cbildren and savages analogous 
to those of animals. 235; if 
persistent and imitative may be 
termed hereditary, 335, 238. 

Hairy covering of Mammalia, use 
of, 344 ; BbBenea of, in man re- 
markable, Sib ; the want of it 
felt hy savages, 34S ; could not 
have been abolished by natural 
salcotion, 348. 

Harpagjts diodon, 107. 

HEiLirLira, a bard genus of Cur- 
culionidiB, 94. 

Helicokiihe, tte objeota of miaii- 
ery, 77; their secretions, 88; 
notattaclcd by birds, 79; some- 
times mimicked by other Heli- 
oonidie, 85. 

Hblladothebidm, 300. 

Heuictera, protected by ktd 
odour, 72. 
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birds, 221. 
HaSPEKiDfi, probable i 

protedJon of, ITS. 
Hkbthesis, longioorns ri 

ants, 96. 
Hestia Uticonoi, 180. 
Hewitson, Mr., 131, 
HiPFAiiJOH, 299, 

HiPFOTHEttlDM, 299. 

Hi3?m«, imita(«d bj Longicocne, 
92. 

HOLOTHPHIOS, 258. 

H&midocraniam semidapiam, 101. 
Hoojssai, Dr., on the value of the 

"apeoiSc tarm," 165. 
Houses of -American and MaJaj 

Focea contniBted, 213. 
Huxley, ProfeBSor, on " Physical 

Bnaie of Life," 363, on tolitjon, 



in many pases asaumed witlioiit 
proof, 205 ; if poiBUSsKd by man, 
203 ; supposed, of Indiana, 207 ; 
supposed to be ebown in the 
construction of birds' nesba, 211. 

Inteliect o( savngtfl compared 
witb tbat of animals, 341 . 

Intellectual power, range of, in 
man, SSa 

Iphias gtaucippe, 172. 

Ituouu, mimicked by iJeptalis, 63. 

Ulu>mia Uerdiita, mimicked by four 
groups of Lepidoptera, 84. 

JAVA, relations of, to Sumatra 

and Borneo, 193. 
Jamaica swift altering position of 

nest, 223. 
Jebdos, Mr., on incubation \ij 

males in Turtiix, 115. 



HvsNiOTta, 300. KALLIMA iaacMs and Ktdlma 

HfBERNiA, wintry colours of thia ^aralekta, wonderful resem- 

gsnus, 62. bianco of, to loaves, 59-61. 
Htmbnopteb*, largo number of, 

peculiar to Celebes, 196. LAByRINTHODOHTIA, 298, 



IC!TEEID.:^,eesnal colouring and 
nidillcation of, 244. 

IcmvopiBBTefA, 298. 

Id&^sis daoa, 180. 

Imitation, tiie effects of, in man's 
works, 212, 

Ihotans, how tliey travel tbrougb 
tracMess forests, 207. 

IssEcrs, protoetive colouring of, 
56 : mimicfeing species of other 
orders, 97; senses of, pecbaps 
different from ours, 202, 203. 

Ikbtinct, how it may be best stu- 
died, 201; definition of, 203 1 



Lakes as caacs of imperfect adapt- 
ation, 27a 

Lanuds, sexnat colxiuring and ni- 
difioaUon of, 245. 

Lamarck's hypotbeais very dif- 
ferent from the author's, 41. 

Lafentia iripmiolayia, 63. 

Law which bae regulated tbe in- 
!j:oduotion of new species, 5 ; 
conficmed by geographical dis- 
tribution, 9 ; higb ot^niiation 

with, 14 1 of multiplication in 
geometrical progression, 265 
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of limited popiJatiane, 263 ; of 
heredity, 266 ; of tariotion, 
266 ; of cLonge of pUyaical con- 
ditions, 266 ; of the eciuilibrium 
of nature, 236 ; as opposed to 
continual interferencp, 268. 
LiicooK, Dr., on law of " iincon- 



Lbap BunEEPLy, appearance and 

habits of, 69-61. 
IiEPniOPTERA, especially subject to 



132. 



c Heli- 



IlEPTALTB, species I 

coniclie, 82 ; gain a protection 

therel^, 259. 
Lbstbb, Mr. J. M., on wood-dore 

and iwbin, 53. 
Lbvaillakt, on formation of a 

Lm^iiHs arcMp2 88 
I/memUs Itmire, 1 j m 17 
Lizards refusing rtiun m tb 

and caterpillar 121 I 

ing bees, 121. 
Local forms, 158 
LocAi variaiion t f m 169 f 

colour, 173 ; g -al ma k 

on, 174; in C 1 be 



9, probable u& 
Locu5TrD:B, adap 



II b tte 



f 175 



■ f 



protection, ^l. 
IircsNiDa!, probabi m«9n f p 
teetioQ of, 176 

MAMMALS, mim jam gVf7 
Mm, does he b Id by n 
imitation, 212 h w k manly 
imitatiye, 225 ; t ^m y f 03 
322 ; difEorenc t p 



his origin, 304 ; unity or plural- 
ity of species, 305 ; persistence 
of tjps of, 306 ; importance of 
mental and moral characters, 
312; his dignity and supremacy, 
3S4 ; tus influence on nature, 
326 1 his future derelopment, 
326; range of intellectual power 
in, 339 ; rudiments of all the 
h^her faculties in aavaga, 341 ; 
his feet and hands, difficulties 
on the theory of natural seleo- 
tion, 349: his Toice, 350; his 
mental faculties, 351 ; difficulty 
aa to the origin of the moral 

sense in, 352 ; development of, 

probably directed by a Buperior 

intelligence, 359. 
MAM1ID.E, adaptive colouring of, 

64 m licking white ants, 98. 
Ma CO ssHS, a protei^ed gronp, 

93 

m e M,2m. 

M he nature of, 3B3; Mr. 

B yma on, 363 ; is force, 366. 
Me uA^ a and Methona, mi- 



M 



RDS, dimorphism of, 155. 
I gaedla, 94. 

lALON, 196. 

M TIM, sexual colouring and 

d fieafion of, 246. 

MBft H, 196. 

Mid d ws, 97. 

M E mimicking Tropidorhyn- 
hua 104. 

M Kl meaning of the woi'd, 
74 th ory of, 76 ; among Lepi- 
d pte , 77 ; how it acts as a 
p tion, 80, 81 ; of other in- 
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beetles, 91 ; of otber insects by 
beetles, 95 ; of insects by species 
of other orders, S7 ; among the 
Tertabratu, 99; among eiialiefl, 
101 ; among tree frogs 103 ■ 
among birds, 103; among mam 
mals, 107 ; objeotio b o the 
tboory of, 108; by lemale n 
sects, 110; among P p lionidie 
179; neyer occurs in tJ e n Je 
only. 2fiO. 

MoBOTlDJ!, ESiiial colouring and 
nidifloatiou of, 241. 

MoNTROuziEit, M., on biitterSies 
of Woodlavk JWand, 152. 

MoaAi, sense, difficulty aa to the 
origin of, 353. 

MoEPHoa, how protected, 73. 

MnBEfAY, Mr. Andrew, objections 
to theory of mimiory, 108. 

MuscicAFin^ sexual colouring 
and tiicliflcation of, 245. 

MusoPHAGiD^B, eexu^ colouring 
and nidiilcation of, 242. 

NAPEO&DNES, all the species 
are mimickera, 85. 

HatubaIi selection, the principle 
stated, 41-43; general accept- 
ance of the theory of, 43; 
tabular demonstration of, 303 ; 
outline of theory of, S07; its 
effecta on man and animals dif- 
ferent, 311 ; hardly acts among 
civilized societies, 380; what it 
can not do, 333; cannot pro- 
duce injuFions or useless modi- 
fications, 334. 

Nectuuneid^, 254. 

SmnjALiBM, mimio Hymenop- 
tora, 96. 



Nffmopkas grayi, a longiconi mi- 
micked by a Longicom, 95. 

Nests of Birds, why different, 
215 ; of young birds, how built, 
"10 ■ eonstraction of dcEcribed 
by leTallait ""4 mperfto 
t on n, .£9 nfluenced by 
changed con lit ons and per 
s tjtent hab e 23 claa fication 
of acujrdmg to function "17 

Nb7 Ffmui how produced b> 
variation and seleation, 2b6. 

New G-uiBEA, relation of the seve- 
ral Papuan islands to, 194. 

HOCTUKNAL animus, colours of, 
51. 

HOJIADA, SS. 

OBEBEA, species resemble Ten- 

thredinidiB, 9G. 
Odoiiiocera odipseroidee, 90. 

OllOMTOCHElLA, 97. 

OdyncTVia eiimaias, 90. 
OiithopiS/as salBoins, like a, seed. 



lai'k, 50. 
Ouabge-tif butterfly, protective 

colouring of, 59. 
OacHis, structure of an, explained 

hj natuml selection, 271. 
Orgipa anliqtia and 0. gmiosUgmu. 

autumn^ colours of, 62. 

OltlOLlDf, 2o3. 

Omiihoptera priamus, 145, 173 ; 

O. hslem, 173. 
Ox!/rhopjis pddsnus, 0. triijemi- 



,.O.Jor, 



% 102. 



Owen, Professor, 
rolized structure of estinct 
mals, ESS. 



gene- 
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FACHYOTEISfabrkii, 96. 
Pachykhymchi, weevils mimicked 

by Longicorna, 95. 
Paieothebium, 299. 

PiLOFLOTHEEIliM, 299. 

Pafilio, black and red group imi- 
tated, 84. 

Fa^io aehafes, 147 ; P. adcmuoi- 
tim, 171 ; P- aaigma, 87; P- 
agmrmeaon, 141, 158, 170, 171 ; 

P. agesior, 180; P. alphmor, 
148, 169; P. anumga, 151; P. 
androcles, 171 ; P. androgens, 88, 

147, 180, 183; P. tmii^hates, 
141, 171 ; P. anUphna, 87, 150, 
170, 180, 183 ; P. arUtms. 171 ; 
P. aj^BBii, 141 ; P. asadaphms, 
171 ; P. autdyms, 160 ; J'. Ja%- 
oles, 141; P. Umsei, 171; P. 
fovHWi, 171 ; P. caiHHis, 87, 179 ; 
P. cwfi^, 160, 171 ; P. coon, 88, 
14«, 180, 182 ; P. i2CTpSoi«a, 140; 
P.dap&OTites.VJl ; F.delessertii, 
180 ; P. demdvm, 171 ; P. i^^^i- 
Im, 87, 170, 180, 183 ; P. ^«W«- 
di^8S, 180;P. e^os, 148;P. 
medades, 171 ; P. erectheus, 151 ; 
P. e«Hpii«e, 160; P. wjjmb, 
159 ; P. y^on, 171 ; P. fflancas, 
15a;P.-6«Mor,87,150,180,183; 
P. M«KW, 160, 171 ; P. fcspi- 

(on, 178; P. iiffloMes, 180; P. 
;'aM«, 159, 171 ; P. ledebomia, 

148 , P. i«Hw;ii)^ 171 ; P. feoi^ii- 
iWKS, 170 ; P. ;i™, 87, 180, 184 ; 
P. maaorais, 179; P. imchaim, 
178 ; P. melanidBs, 148, 150 ; P. 
memMW, 88, 140, 146, 147, 152, 
180, 183; P. mam, 171 ; P. na- 
ji*«Iiie, 140 ; P, nicattor, 170 ; P 
(Bmmatu:, 88, 180, 184; P. on^ifi. 



M«3, 151 ; P. wBientM. 150, 153, 
182; P. gammon, 147, 152, 170, 
180; P. pamphi/lm, 171; P. 
panduMi, 153, 180 ; P. paradoxa, 
87, 179 ; P. pemiiihas, 160, 171 ; 
P. perHaax, 145 ; P. jji!?(Kt«»aa, 
182 ; P. poh/dorns, 88, 170, 182 ; 
F.pdytee, 147, 148; P. rAesus, 
171 ; P. romiihis, 87, 148, 150, 
183 ; P. mwyafoB, 141. 158, 171 ; 
P. sataspea, 171; P. 3ei«™s. 
140, 144; P. iieaeKs, 87. 143, 
150, 169, 170, 171, 180, 183 : P. 
thule, 179; P. torgiiatas, 156; 
P. !;»«;«», 152; P. i%Mes, 140. 
160, 173; P.TOiJww. 88. 
Pafiltoxids, the qneation of their 
rank, 133 ; peculiar cbaroeterq 
poasBSBed by, 134; peouliarlj 
(liurnd, 136 ; compared witJi 
groups of mammalia, 138 ; dis- 
tribution of, 140; lacge forms 
of Celebes and Moluccas, 168; 
large forms of Ambojna, 169; 
local vai'iation of form, 169; 
arnv^ment of, 186 ; geogra- 
phical distribution of, 189 ; of 
Indo-Mftlay and Anstlro-Malay 
regions, 192 ; of Jara, Suma- 
tra, and Borneo, 193. 



PAESEHQEa pigeon, cnuse of its 

great numbers, SOS. 
pATBSt inventions, as illustrating 

classification, 205. 
Fhacellocera bai^i, mimics one 0! 

the Anthribidai. 
Fhalaropmfidisanns, 115, 251. 
PiiASiiisiB, imitate sticks and 
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